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A  TREATISE  of 


Artificial  Magnets . 


INTRODUCTION. 


HE  defign  of  the  following  pages  is 


JL  to  communicate  to  the  Publick  a  very 
eafy  and  expeditious  way  of  making  Artificial 
Magnets. 

The  Advantage,  that  mull:  arife  to  Mankind 
in  general,  but  particularly  to  Seamen,  from 
having  a  Method  of  procuring  -f*  Magnets 'much 
fuperior  to  the  beft  natural  ones  at  a  very  tri¬ 
fling  expence,  will  fufliciently  juftify  the  pub¬ 
lication  of  this  treatife,  with  refpedt  to  the 
Matter  contained  in  it ;  and  as  to  the  Manner 

+  Perhaps  Tome  may  imagine,  that  though  the  Artifi- 
cialMagnets  may  be  fuperior  to  the  others  inStrength,  &c. 
yet  poffibly  there  may  be  fome  difference  in  the  Direftion 
of  fuch  Needles  as  are  touch’d  by  them,  and  of  thofe  touch¬ 
ed  by  Natural  Magnets  5  but  different  Magnets,  of  any 
kind  whatfoever,  never  make  the  lead  difference  in  the 
Needles  they  touch,  except  in  the  degree  of  Strength 
which  they  communicate  •,  this  is  a  fadt  well  known  to  all 
who  are  acquainted  with  the  nature  of  Magnetifm, 
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and  Form  of  it ;  thefe  I  mull  leave  entirely  to 
the  candour  and  courtefy  of  the  Reader. 

I  propofed  at  firft  to  publiflh,  with  this  Me¬ 
thod  of  making  Magnets,  a  Theory  alfo  of 
Magnetifm,  which  I  endeavoured  to  eftablifii 
by  Experiments ;  to  which  I  added  others  of  a 
mifcellaneous  nature,  fuch  as  appeared  to  me 
moft  ufeful  or  entertaining,  amongft  thofe  I 
had  either  made  myfelf,  or  colle&ed  from  the 
labours  of  others  ;  but  finding  that  this  would 
fwell  thefe  fheets  to  too  great  a  bulk,  I  chofe 
to  defer  that  part  till  fome  other  opportunity ; 
efpecially  when  I  confidered,  that  any  Philofo- 
phical  Enquiries  into  the  Laws  and  Nature  of 
Magnetifm,  would  be  of  very  little  ufe  or  en¬ 
tertainment  to  many  of  the  Artificers  and  Sea¬ 
men,  for  whom  principally  I  intended  this  part. 

I  have  endeavoured  every  where  to  make 
myfelf  as  intelligible  as  poffible,  and  have  omit¬ 
ted  nothing,  that  appeared  likely  to  prevent 
any  miftakes.  This  may  make  fome  things 
perhaps  feem  tedious,  or  unnecelTarily  repeated ; 
but  if  any  perlon  thinks  fo,  I  mu  ft  beg  him 
to  confider,  that  all  people  are  not  equally  ready 
at  comprehending  deferiptions  of  things,  they 
were  not  before  acquainted  with  ;  and  that 
therefore  he  ought  to  bear  a  little  with  what  to 

him 
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him  may  feem  unneceffary,  for  the  fake  of  others 
lefs  acute  and  ingenious  than  himfelf. 

The  Reader  will  meet  with  fome  few  di¬ 
rections  for  making  Needles  in  the  moft  advan¬ 
tageous  manner ;  for  touching  them  properly; 
&c.  together  with  fome  ufes  of  Magnets  either 
not  commonly  known,  or  at  lead:  not  much 
attended  to  by  the  generality. 

In  the  method  of  making  Artificial  Magnets, 
another  Magnet  is  made  ufe  of,  in  order  to 
obtain  fome  degree  of  power  to  begin  with;  but 
that  no  one  may  be  at  a  lofs  in  cafe  he  fhould 
want  to  make  them,  where  no  other  is  to  be 
had,  there  is  a  method  propofed  towards  the 
end,  of  obtaining  Magnetifm  by  means  of  three 
Iron  bars. 

As  it  is  neceffary,  that  all  fingle  unarm’d 
bars,  intended  to  be  made  Magnets,  fhould 
have  a  fufficient  length  in  proportion  to  their 
weight ;  for  otherwife  they  will  not  attain  to 
near  fo  much  perfection  ;  there  is  therefore 
fubjoined  a  table  of  fuch  lengths  as  are  proper 
for  bars  of  feveral  different  fizes.  Befides  the 
plain  ftrait  bars,  which  are  the  moft  proper  for 
common  ufes,  there  are  a  few  other  forms  pro¬ 
pofed,  fuch  as  feem’d  moft  likely  to  be  farther 
convenient  and  ufeful  upon  different  occafions. 
To  the  whole  are  added  directions  for  improv- 
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ing  the  natural  Magnets,  changing,  or  convert¬ 
ing  their  Poles,  and  for  making  both  finglc 
and  compound  armed  artificial  ones  in  imita¬ 
tion  of  them. 

It  may  not  be  amifs  to  mention  fome  of  the 
Advantages,  that  the  Artificial  Magnets  have 
over  the  Natural  ones,  and  to  fay  a  little  in  fa¬ 
vour  of  the  Method  here  offer’d  to  the  Publick 
for  making  them,  which  is  probably  capable 
of  bringing  them  to  the  greateft  perfection,  the 
nature  of  the  materials,  they  are  made  of,  will 
admit. 

f 

The  Advantages  then  of  Artificial  Magnets 

are, 

Firfiy  That  they  may  be  had  at  very  little 
more  expence  and  trouble,  than  the  prime  coft 
of  the  Steel  they  are  made  of,  and  the  labour  of 
forging  them  into  bars  of  a  proper  fize  and 

fhape  5  vrhereas  the  Natural  Magnets  (fuch 

% 

as  are  good  at  leaft,)  are  very  expensive ;  and 
if  armed,  there  rnufl  be  a  good  deal  of  labour 
beftowed  on  them  in  grinding  the  Poles,  fitting 
cn  their  Armour,  &c . 

Secondly ,  They  may  be  had  plentifully 
enough  to  fupply  every  body ;  but  Natural 
Magnets,  that  are  good  for  any  thing,  cannot 
be  procured  at  all,  except  in  fmall  quantities. 

fihirdly^ 
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Thirdly,  They  are  greatly  fuperior  to  the 
Natural  Magnets  in  Strength,  and  perhaps  bet¬ 
ter  able  to  compiunicate  the  Magnetic  Virtue 
in  proportion  to  their  Strength:  very  few  of 
the  Natural  Magnets  are  able  to  touch  well  a 
Needle  that  is  hard,  unlefs  it  be  very  fmall; 
but  good  Artificial  ones  will  do  it  very  eafily ; 
and  on  account  of  this  *  inability  of  the  ge¬ 
nerality  of  Natural  Magnets  to  touch  large 
needles  when  hard,  it  has  been  the  ufual  prac¬ 
tice  to  reduce  almofl  all  Mariner’s  needles  to  a 
fpring  temper,  that  they  might  be  able  to  re¬ 
ceive  a  fufficient  Strength  from  their  touch, 
which  otherwife  they  would  not  do. 

Perhaps  fome  may  be  apt  to  imagine,  be- 
caufe  the  Natural  Magnets,  which  are  armed, 
(as  moft  of  them  are,)  lift  fometimes  a  great 
deal  more  than  fingle  Artificial  Magnets,  that 
therefore  they  are  better ;  but  this  will  be  ea¬ 
fily  difproved  by  experience  ;  the  reafon,  why 
they  (hew  fo  much  to  advantage,  is  becaufe 
they  will  lift  vaftly  more  in  proportion  by  both 

Poles,  than -by  one ;  and  this  alfo  the  Artifiical 

« 

/  , 

*  It  is  this  weaknefsof  the  Natural  Magnets,  that  has 
led  feveral  into  the  error,  that  fpring-temperM  Steel  will 
receive  the  greateft  Power ;  whereas  it  only  receives 
the  Magnetic  Virtue  with  more  eafe,  but  will  not  retain 
fo  much  of  it. 
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compound  Magnets  will  do ;  and  they  will 
beiides  lift  much  more  than  the  Natural  ones 
of  the  fame  Size.  The  following  inftance  may 
ferve  to  Ihew  the  difference  between  the  Arti¬ 
ficial  (Angle)  Magnets  and  the  Natural  ones : 
I  have  a  Natural  Magnet,  which  weighs  fix 
Ounces  and  half  with  its  armour,  and  which 
is  able  to  lift  by  both  Poles  ten  Ounces,  that 
will  not  touch  a  piece  of  Steel  fo  well,  as  a 
good  Artificial  Angle  one  weighing  only  an 
eighth  or  tenth  part  of  an  Ounce. 

A  good  Artificial  Magnet  of  about  two 
Ounces  weight,  fix  Inches  long,  will  touch  as 
large  and  as  hard  a  Needle,  as  moji  of  the  belt 
Natural  Magnets  in  ufe,  and  perhaps  as  any . 

Fourthly ,  The  Eafe,  with  which  Artificial 
Magnets  are  reftored  to  their  former  Strength, 
in  cafe  they  are  at  any  time  damaged,  gives 
them  a  great  Advantage  over  the  Natural  ones ; 
which  are  nearly,  if  not  altogether  as  liable  to 
be  impaired,  as  the  former,  and  cannot  be  re¬ 
ftored  but  by  the  afliftance  of  them,  or  by 
Natural  ones  greatly  fuperior  to  themfelves. 

Fifthly ,  In  the  Artificial  Magnets  we  can 
have  feveral  Poles ;  as  for  inftance,  in  a  long 
bar  we  can  have  a  North  Pole  at  each  end, 
and  a  South  Pole  in  the  middle,  or  two  or 
three  South  Poles,  and  as  many  North  Poles, 

alter- 
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alternately,  &c.  this  is  what  cannot  be  had  in 
the  Natural  Magnets,  but  by  chance,  and  in  a 
finall  degree ;  and  though  this  may  be  no  great 
advantage  for  the  common  purpofes  of  Magnets, 
yet  it  may  be  of  ufe  to  thofe,  who  would  try 
Experiments. 

Sixthly ,  The  Artificial  Magnets  have  many 
Advantages  on  the  account  of  their  being  made 
in  any  Form.  The  Natural  Magnets  are  much 
too  fhort,  in  proportion  to  their  bulk,  and 
confequently  cannot  attain  to  that  perfection, 
which  they  otherwife  might  do :  fome  of  them 
are  fo  very  deficient  in  length,  that  probably, 
if  they  were  flit  into  a  hundred  pieces,  of  the 
whole  length  of  the  ftone,  and  properly  made 
magnetical,  they  would  make  a  hundred  Mag¬ 
nets,  each  better  than  the  whole  ftone  was 
before. 

Another  Advantage  of  Shape  is,  that  the 
two  Poles  of  an  Artificial  Magnet,  of  any  Size, 
may  be  brought  as  near  each  other,  as  any  one 
plcafes,  and  yet  the  Magnet  have  a  fufficient 
length  in  proportion  to  its  bulk;  as  in  the 

Annular  and  Horfe-fhoe  ’Magnets  hereafter 
defcribed. 

The  Convenience,  with  which  the  Artificial. 
Magnets  (on  account  of  their  being  long  and 
flender  in  comparifon  of  the  others,)  may  be 

applied 
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applied  in  the  manner  of  the  double  'Touch  (here« 
after  defcribed)  is  another  Advantage  arifing  from 
their  Shape,  and  a  great  Advantage  indeed  it 
is  5  fince  by  this  means  half  an  Ounce  of  Ar¬ 
tificial  Magnets  may  eafily  be  made  to  touch  a 
much  larger  bar,  than  the  beft  Natural  Mag¬ 
net  in  the  known  world  :  the  Natural  Magnets 
too  indeed  may  be  applied  after  the  manner  of 
the  double  Touch ,  and  with  confiderable  Ad¬ 
vantage,  but  vaftly  lefs  however  than  the  others ; 
with  which  it  is  as  practicable  to  communicate 
the  Magnetic  Virtue  to  a  bar  of  Steel  of  a  Ton 
weight,  as  to  one  of  an  Ounce,  and  that  with 
a  fmall  quantity  of  them,  perhaps  two  hun¬ 
dred  weight,  or  lefs ;  whereas  it  would  be 
impofiible  to  do  it  with  lefs  than  fome  thou- 
fand  Tons  of  Natural  Magnets,  and  thofe  not 
lefs  than  fome  hundred  Tons  weight  each. 

This  may  fuffice  to  convince  every  impartial 
Perfon  of  the  great  Advantage  of  Artificial 
Magnets. 

It  may  perhaps  be  expeCted,  that,  as  Dr. 
Knight ,  (who  firil  brought  the  Artificial  Mag¬ 
nets  to  their  prefent  known  perfection,)  and 
perhaps  fome  others  have  made  Artificial  Mag¬ 
nets,  as  well  as  myfelf,  fomething  fhould  be 
faid  of  their  Method  compared  with  what  is 

here  offer’d  to  the  Publick :  Whether  theirs  is 

the 
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the  fame  as  this,  I  know  not,  though  I  have 
fome  reafon  to  think  it  is ;  but  whether  it  be 
fo  or  not,  it  is 'highly  probable,  that  this  is 
equal  to  theirs,  or  any  other  that  is  already,  or 
may  be  hereafter  found  out ;  this  ought  not 
however  to  deter  any  one  from  attempting  far¬ 
ther  improvements ;  for  how  probable  foever 
it  may  leem  at  prefent,  that  the  method  here 
propofed  is  as  good,  as  any  can  be,  it  is  never- 
thelefs  but  probable. 

I  have  compared  feveral  Magnets,  made  af¬ 
ter  the  Method  here  propofed,  with  thole  I 
have  fcen  of  Dr.  Knight’ s,  and  have  round 
fome  of  them  greatly  fuperior  to  what  thofe  of 
his  were,  when  I  faw  them  ;  and  conliderably 


fuperior  to  what  his  were  faid  to  have  been  at 
firft,  when  they  came  out  of  his  hands.  I 
have  had,  amongft  thofe  I  have  made,  three  or 
four,  the  heavieft  of  them  weighing  about  an 
Ounce  and  three  quarters,  that  have  lifted, 
when?  frelli  made,  from  eighteen  to  twenty 
Ounces  each,  and  have  all  continued  to  lift 
better  than  feventeen :  thefe  indeed  were  all 
pointed  at  the  lifting  end,  which  will  make 
them  lift  perhaps  an  Ounce  or  fome  fuch  mat¬ 
ter  more,  than  they  would  otherwife  do  ;  but 
they  were  alfo  conliderably  lighter,  than  thofe, 
with  which  they  were  compared,  which  were 
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five  Inches  and  half  long,  and  were  reckon'd  to 
lift  at  firft  only  fifteen  or  fixteen  Ounces,  but 
when  I  faw  them,  they  would  not  lift  near  fo 
much  as  that,  probably,  for  want  of  proper 
precaution  in  keeping  them. 

I  have  heard  of  Magnets,  of  the  fize  of 
thofe  juft  mention'd,  that  have  lifted  feven  or 
eight  and  twenty  Ounces :  this,  if  true,  muft 
have  been  owing  probably  to  fome  difference 
in  the  hardening  the  Steel,  or  in  the  Steel  itfelf ; 
or,  which  is  moft  likely,  to  the  difference  of 
form,  or  fome  other  circumftances  in  the  Iron 
lifted ;  for  on  trying  lately  one  of  the  three 
or  four  Magnets  mention'd  above,  (which  was 
no  better  than  the  reft,  but  as  near  as  might  be 
of  the  fame  goodnefs  with  them,)  I  found  it, 
juft  after  it  was  retouched,  to  lift  an  Iron  Poker, 
weighing  two  and  twenty  Ounces,  with  great 
eafe  5  and  it  continued  feveral  days  after  that 

f  From  what  has  been  here  faid,  I  do  not  mean  to  in¬ 
fer  the  fuperiority  of  this  Method  above  the  Dodtor’s, 
but  only  an  equality  with  his,  (which  moft  probably  is 
the  fame  with  this ;)  the  difference  here  mention’d  being 
owing,  in  all  likelihood,  to  the  want  of  proper  care  in 
the  hardening  of  the  Steel  bars,  that  his  were  made  of ; 
which  is  a  moft  material  Circumftance  ;  for  the  fame  bar, 
that,  when  properly  hardened,  may  be  made  to  lift  twenty 
Ounces  ;  when  greatly  over  or  greatly  underheated, 
will  not  lift  above  fix  at  the  utinoft. 
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trial  to  lift  the  fame,  though  with  fome  diffi¬ 
culty  :  the  reafon  why  this  lifted  more  than 
formerly,  I  apprehend,  was  owing  to  the  dif¬ 
ference  of  the  Shape  of  the  Poker,  from  the 
bar  it  ufed  to  lift  5  which  difference  confifts  in 
a  pretty  large  knob  at  the  top,  that  is  broad, 
and  fomewhat  flatted. 

From  hence  it  feems  likely,  that  it  was  not 
owing  to  any  difference  in  the  means  of  making 
them,  that  thofe  Magnets  juft  mentioned  lifted 
feven  or  eight  and  twenty  Ounces ;  efpecially 
as  it  is  very  probable,  that  the  Method  here 
offered  to  the  Publick,  is  capable  of  bringing 
them  to  the  greateft  perfection,  the  nature  of 
the  Materials,  they  are  made  of,  will  admit  $ 
and  this  will  appear  from  what  follows. 

It  is  very  eafy  to  communicate  to  a  bar  of 
Steel,  a  much  greater  degree  of  Virtue,  than 
it  will  retain  5  but  whether  it  be  much  or  little 
beyond  its  due  quantity,  that  any  bar  receives, 
it  will  lofe  what  is  above  that  quantity  imme¬ 
diately  ;  unlefs  by  fome  means  or  other  it  is 
preferved  in  that  more  ftrongly  Magnetical 
State :  this  will  appear  very  probable,  from 
the  Method  of  making  Magnets  ;  but,  by  the 
following  Experiments ,  it  will  be  put  out  of 
Doubt. 
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EXPERIMENT  I. 

I  took  two  fcmicircular  Magnets,  of  the 
fame  fize,  each  about  two  Ounces  weight ; 
and  placing  them  with  their  ends  together,  fo 
that  they  compleated  the  circle,  I  made  them 
Magnetical  according  to  the  directions  hereaf¬ 
ter  given  ;  then  trying  to  feparate  them  imme¬ 
diately,  I  found,  that  lefs  than  fix  or  feven 
pound  was  not  fufficient  to  do  it ;  but.  that, 
after  they  had  been  once  feparated,  they  might 
be  feparated  again  by  three  or  four  pound. 

EXPERIMENT  II. 

Another  Experiment,  altnoft  the  fame  with 
the  former,  was  thus :  I  made  Magnetical  a 
fmall  fingle  bar  armed,  keeping  an  Iron  wedge 
applied  to  it  during  the  operation  ;  I  then  tried 
what  it  would  lift,  and  found  that  it  lifted  full 
one  fifth  part  more,  by  the  wedge,  before  it 
had  been  once  feparated,  than  after. 

From  hence  it  appears  pretty  evident,  that 
it  is  not  owing  to  any  defeCl  in  the  Means  of 
making  the  bars  Magnetical,  that  we  cannot 
communicate  a  much  greater  degree  of  power 
to  them,  than  that  they  will  remain  at  3  but 
rather  to  the  Inability  of  the  Materials,  they 
£re  made  of,  to  retain  any  more.  If  two 

Magnets 
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Magnets  be  placed  with  their  Poles  of  the  fame 
denomination  together,  they  will  damage  each 
other  confiderably  ;  and  if  feveral  be  fo  placed, 
fome  of  them  fhall  not  only  be  quite  fpoiled, 
but  perhaps  even  have  their  Poles  converted  : 
hence  it  is  plain,  if  we  conceive  any  Magnet, 
as  divided  into  feveral,  by  Sections  parallel  to 
its  Axis,  that  each  of  thefe  will  be  endeavour¬ 
ing  to  damage  all  the  reft.  Now,  if  we  fup- 
pofe,  that  the  hardnefs  of  the  Steel  is  able  to 
refift  this  Endeavour,  in  fome  meafure ;  this 
will  very  well  account  for  any  piece  of  Steel 
retaining  its  Magnetifm  to  a  certain  degree,  and 
for  its  not  retaining  any  more  than  that  ;  fince 
after  the  Power  is  become  fo  great,  as  to  be  an 
overmatch  for  the  refiftance  arifmg  from  the 
hardnefs  of  the  Steel,  the  Magnet  muft  necef- 
farily  reduce  itfelf  to  fuch  a  power,  as  fhall  be 
juft  a  balance  for  that  refiftance.  And  if  we 
allow  this  reafoning  to  be  juft,  the  fofter  the 
Steel  is,  the  lets  Magnetifm  it  ought  to  retain, 
and  the  more  eafily  it  ought  to  be  damaged : 
And  this  is  actually  the  Cafe  ;  for  a  piece  of 
fpring- temper’d  Steel  will  not  retain  near  fo 
much  Magnetifm,  as  hard  Steel  ;  foft  Steel 
will  retain  ftill  lefs ;  and  Iron,  which  is  the 
fofteft  of  all,  fcarce  retains  any  :  And  this  is 
evidently  only  want  of  retention  ;  for  Iron  will 
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receive  Magnetifm  the  mod  eafily  of  any ;  the 
foft  Steel  receives  it  much  more  eafily,  than 
the  fpring-temper’d ;  and  the  fpring-temper’d 
much  more  eafily,  than  the  hard ;  for  proof 
of  this,  fee  the  Method  of  making  Artificial 
Magnets,  by  means  of  three  Iron  bars,  to¬ 
wards  the  End.  The  different  ability  in  hard 
and  fpring-temper’d  Steel  to  retain  their  Mag¬ 
netifm  may  be  (hewn  thus: 

EXPERIMENT. 

Take  two  Magnets  of  an  equal  Size,  one 
hard,  and  the  other  only  of  a  fpring  temper; 
and  placing  their  Poles  of  the  fame  denomina¬ 
tion  together,  rub  them  a  little  backwards  and 
forwards  for  fome  time  ;  and  the  fpring-tem¬ 
per’d  Magnet  will  be  greatly  damaged,  or  even 
quite  fpoiled,  when  the  other  will  be  hardly 
the  worfe, 

From  what  has  been  faid,  it  appears  very 
probable  then,  that  the  moft  likely  way  of  im¬ 
proving  Magnets  muft  be  by  employing  better 
Materials ;  which,  if  there  are  any  fuch,  muft 
probably  be  fome  kinds  of  Iron  Ore  of  thofe 
forts,  that  are  capable  of  being  made  Magne- 
tical  ;  fince  different  Steel,  as  far  as  has  fallen 
under  my  experience,  has  made  little  or  no 
difference  5  only  that  fome  has  required  greater 

exaftnefs, 

» 
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exaftnefs,  or  a  greater  or  lefs  degree  of  heat, 
in.  the  hardening. 

Though  Artificial  Magnets  have  not  been 
made  to  fo  great  perfection,  as  at  prefent,  till 
very  lately,  there  have  not  however  been  want¬ 
ing  fome  attempts  to  make  them,  and  thofe 
with  fome  degree  of  fuccefs.  Several  have 
thought  of  joining  a  good  number  of  bars  of 
Steel  together,  with  Armour  fixed  to  them, 
after  having  touched  them  on  a  good  Load- 
ftone ;  and  this  has  fucceeded  tolerably  well, 
fo  as  that  fome  Magnets,  made  after  this  man¬ 
ner,  were  little  or  not  at  all  inferior  to  good 
Natural  ones ;  and  they  had  been  generally 
much  better  frill,  had  they  been  made  of  hard 
Steel,  inftead  of  foft  or  fpring-temper’d ;  which 
was  moll  commonly  ufed,  from  a  Notion,  I 
fuppofe,  that  fuch  bars  would  receive  the  mod 
Virtue  ;  whereas  they  only  receive,  it  with 
more  eafe ,  but  will  not  retain  it  in  fo  great  a 
degree  j  and  even  what  they  do  retain  at  firft, 
they  are  much  more  fubjedt  to  lofe  afterwards ; 
and  particularly  fo,  when  feveral  bars  are  laid 
with  their  Poles  of  the  lame  denomination  to¬ 
gether,  which  is  the  cafe  in  thefe  compound 
Magnets. 

The  heft  Artificial  Magnets,  that  ever  were 
made  till  very  lately,  feem  to  be  thofe  of  Ser- 
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'vington  Savery  Efq;  -f*  which  were  not  much 
inferior  to  inch,  as  are  made  by  the  Method 
here  offer’d  to  the  Publick,  if  they  were  fuch 
as  he  reprefents  them ;  and  as  his  Method  of 
making  them  feems  to  be  founded  on  the  true 
Principles  of  Magneton,  (for  he  appears  to 
have  underftood  the  fubjedt  very  well,)  there 
can  be  no  great  reafon  to  doubt  the  truth  of 
what  he  afferts  ;  but  I  have  not  thought  of  try¬ 
ing  myfelf  whether  his  method  would  fuc- 
ceed,  becaufe  it  requires  a  good  deal  of  time 
and  trouble  5  and  could  be  of  very  little  ufe, 
when  I  had  a  much  eafier  and  more  expediti¬ 
ous  way  of  making  them  unqueftionably  better, 

,  It  feems  ftrange  however,  that  his  Method  has 
not  hitherto  been  tried  by  others ;  and  that 
fuch  Magnets  are  not  before  this,  in  common 
ufe,  as  they  are  greatly  fuperior  to  the  gene¬ 
rality  of  the  better  fort  of  Natural  Magnets, 
and  perhaps  to  the  beft  in  ufe. 

Though  it  is  not  altogether  neceffary  to  the 
prefent  defign,  yet  it  may  not  perhaps  be  amifs, 
juft  to  mention  a  few  properties  of  Magnetical 
Bodies;  fome  of  which  are  very  neceffary  to 
be  known  by  thofe,  who  have  a  mind  to  try 
Experiments,  and  for  want  of  the  knowledge 

f  S zzPhilof.  7 ran/.  No.  414.  or  Vol.  6.  Part  2d,  Page 
260.  Eamcs’s  Abridgment. 
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of  which,  many  experiments  on  this  fubject 
have  fail’d,  or  wrong  conclufions  have  been 
drawn  from  them  :  It  will  however  be  incon- 
fiftent  with  the  brevity,  I  here  propofe,  to 
give  the  proofs  of  them  ;  which  therefore  I 
muft  defer  till  fome  farther  opportunity  offers. 

Firji  then.  Wherever  any  Magnetifm  is 
found,  whether  in  the  Magnet  itfelf,  or  any 
piece  of  Iron,  &c.  excited  by  the  Magnet, 
there  are  always  found  two  Poles,  which  are 
generally  called  North  and  South  5  and  the 
North  Pole  of  one  Magnet  always  attracts  the 
South  Pole,  and  repels  the  North  Pole  of  an¬ 
other  -y  and  vice  verfd. 

Secondly ,  This  Attraction  and  Repulfion  of 
Magnets  is  not  at  all  hindered,  or  increafed  by 
the  interpofition  of  any  Body  whatfoever  $ 
though  fometimes  in  appearance  perhaps  it 
may  be  increafed  by  the  interpofition  of  fuch 
Bodies,  as  become  Magnetical  when  in  con¬ 
tact  with,  or  upon  their  approach  towards  the 
Magnets,  between  which  they  are  placed. 

<f*  THoirdlyy  Each  Pole  attracts  or  repels 

exactly  equally,  at  equal  diftances,  in  every 
direction. 

C  Fourthly , 

+  This  is  a  Property,  which  perhaps  thofe,  who  imagine 
Magnetifm  to  depend  upon  a  fubtle  fluid,  may  not  be 

very 
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J  Fourthly ,  The  Magnetical  Attraction  and 
Repulfion  are  exactly  equal  to  each  other. 

Fifthly , 


very  willing  to  admit,  as  being  utterly  inconfiftent  with 
fuch  an  Hypothecs  ;  but  it  is  capable  of  being  proved  by 
a  great  variety  of  experiments. 

The  want  of  knowing  this  property  of  the  Magnet  has 
led  feveral  very  accurate,  and  diligent  enquirers,  into 
conllderable  miftakes  ;  amongfl  whom  was  Dr.  Gilbert , 
who  wrote  a  very  ingenious  book,  entitled  De  Magnete , 
about  the  end  of  Queen  Elizabeth's  Reign  :  Not  being 
aware  of  this  property,  he  concluded  from  fome  experi¬ 
ments  he  had  made,  not  very  irrationally,  that  the  Needle 
was  not  attracted  by  the  Magnet,  but  turned  into  its  po¬ 
rtion  by,  what  he  calls,  a  difponent  virtue  ;  which  he 
fuppofed  to  furround  the  Stone,  fome  what  in  form  of 
an  Atmofphere. 

J  Mod  people,  who  have  mention’d  any  thing  relat¬ 
ing  to  this  property  of  the  Magnet,  have  agreed,  not  only 
that  the  Attraction  and  Repulfion  of  Magnets  are  not 
equal  to  each  other,  but  that  alfo  they  do  not  obferve  the 
fame  rule  of  increafe  and  decreafe  :  Their  miftake  in  this 
matter  arofe  from  their  not  attending  to  the  different  de¬ 
grees  of  Strength,  that  Magnets  have,  in  different  circum- 
llances;  for  two  Magnets,  that  are  placed  with  their  at¬ 
tracting  Poles  towards  each  other,  will  have  their  power 
by  that  means  increafed  ;  and  on  the  contrary,  if  their 
repelling  Poles  be  placed  towards  each  other,  their  power 
will  be  diminifhed  ;  and  this  increafe  or  diminution  of 
power  will  be  in  a  greater  or  lefs  degree,  according  as  the 
Magnets  are  nearer  to,  or  farther  from  each  other  ; 
whence  in  all  the  experiments  made  on  this  fubjeCt,  the 
Attraction  and  Repulfion  come  perpetually  nearer  to  an 

equalitys 
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Fifthly,  The  Poles  of  Magnets  are  not  at 
their  Extremities,  but  at  a  little  diflance  from 
thence ;  that  is.  Magnets  are  not  fo  Magne- 
tical  at  the  Ends,  as  in  the  Middle;  and  in 
fpring-temper’d  and  foft  Steel  Magnets,  the 
Poles  are  generally  fomewhat  farther  from  the 
Extremities  than  in  hard  ones. 

*  Sixthly ,  The  Attra&lon  and  Repulfion  of 
Magnets  decreafe,  as  the  Squares  of  the  di- 
fiances  from  the  refpedive  Poles  increafe. 

This  property,  from  fome  experiments  I 
have  made  myfelf,  and  from  thofe  I  have  feen 

c  2  of 

equality,  the  greater  the  diflance  of  the  two  Magnets  is, 
with  which  the  experiments  are  made  ;  and  vice  verfa  : 
And  fo  great  is  the  effed  of  Magnets  on  each  other,  that, 
when  the  repellent  Poles  of  a  large  Magnet  and  a  fmall 
one  are  brought  into  contact,  the  fmall  one  fhall  fome- 
times  have  its  Repellency  changed  into  Attradion. 

*  There  have  been  fome,  who  have  imagined,  that 
the  decreafe  of  the  Magnetic  Attradion  and  Repulfion  is 
inverfely  as  the  Cubes  of  the  diflances  ;  others,  as  the 
Squares  ;  and  others,  that  it  follows  no  certain  ratio  at 
all,  but  that  it  is  much  quicker  at  greater  diflances,  than 
at  fmall  ones,  and  that  it  is  different  in  different  Stones  : 
amongft  thefe  lafl  is  Dr.  Brook  Taylor ,  and  P.  Alufcben- 
broek ,  who  feem  to  have  been  pretty  accurate  in  their  ex¬ 
periments.  [See  Pbilofoph.  Tranf.  N©  368  and  390.  or  Vol. 
VI.  Part  II.  Page  253  and  255.  EcuneA s  Abridgement.] 
The  conclufions  of  thefe  Gentlemen  were  drawn  from  their 

experiments. 


20  A  Treatife  of,  &c. 

of  others,  feems  very  probable  ;  bat  I  do  not 
pretend  to  lay  it  down  as  certain,  not  having 

made  experiments  enough  yet,  to  determine  it 
with  fufficient  exadtnefs. 

Seventhly ,  Magnets  lift  Iron,  in  an  increafed 
ratio  of  their  Strength  for  touchings  &c.  and 
probably  very  nearly  in  a  duplicate  ratio. 

experiments,  without  their  being  aware  of  the  third  pro¬ 
perty  of  Magnets,  juft  mentioned  ;  which  if  they  had 
made  proper  allowances  for,  together  with  the  increafe 
and  diminution  of  power  in  the  Magnets  they  tried  their 
experiments  with,  all  the  irregularities,  they  complained 
of,  (as  far  as  appears  from  their  relations  of  them,)  might 
very  well  be  accounted  for,  and  the  whole  of  their  ex¬ 
periments  coincide  with  the  Squares  of  the  diftances 
inverfely. 


OF  THE 


METHOD 


OF  MAKING 


BEFORE  we  come  to  the  Method  of 
making  Magnets,  it  may  not  be  amifs 
to  obfervc,  that  every  Magnet  has  two  Poles, 
(as  they  are  called,)  that  is,  two  Points  from 
which  the  attractive  and  repulfive  powers  feem 
to  fpread  themfelves,  and  to  which  they  are 
directed ;  at  the  neareft  parts  to  which,  if  other 
circum fiances  be  the  fame,  the  Magnet  always 
aCts  ftrongeft :  One  of  thefe  is  called  the  North 
Pole,  and  the  other  the  South  ;  and  that  is  ge¬ 
nerally,  and  mod  properly  called  the  -f  South 
Pole,  which,  if  the  Magnet  was  put  into  a  little 
boat  of  Wood,  or  other  Materials,  large  enough 

f  This  is  the  Sente,  in  which  they  are  always  under¬ 
wood  by  the  beft  Authors.  [See  Gilbert  its  ds  Magnete. 
Mr.  Savery  in  the  Pbilof.  Tranf.  and  feveral  others,  that 
have  written  upon  this  fubjeCE]  The  reafbns  of  calling 
them  thus,  may  be  feen  in  Gilbertus  de  Magnete  ;  who 
fays,  he  was  the  who  called  them  after  this  manner. 
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to  fupport  it,  and  fet  afloat  in  water,  would 
turn  itfelf  towards  the  North  ;  and  that  is  mod 

i 

properly  called  the  North  Pole,  which  would 
turn  towards  the  South :  this  is  the  Senfe,  in 
which  I  would  always  be  underilood  when  I 
fpeak  of  them. 

A  South  Pole  of  one  Magnet  always  attracts 
the  North  Pole  of  another,  and  repels  the  South' 
Pole  ;  and  on  the  contrary,  a  North  Pole  at¬ 
tracts  the  South  Pole,  and  repels  the  North 
Pole  of  another :  for  this  reafon,  if  any  one 
has  a  mind  to  touch  a  Needle,  whofe  Point  he 
would  have  turn  towards  the  North ,  he  begins 
by  placing  the  other  end  of  the  Needle  on  the 
North  Pole  of  the  Magnet ;  and  drawing  it  gra¬ 
dually  along,  he  finishes  with  the  Point ;  for 
the  Point  being  laft  attracted,  will  continue  to 
be  attracted  by  the  North  Pole  of  the  Magnet^ 
and  the  other  end  will  be  repelled  by  it ;  and 
becaufe  the  Point  is  attracted  by  a  North  Pole, 
it  follows  from  what  was  faid  above,  that  it 
muft  be  itfelf  a  South  Pole,  and  confequently 
will  turn  towards  the  North ,  which  is  what 
was  required. — Thus  much  to  have  premifed 
may  be  fufficient. — Let  us  now  proceed  to  the 
Method  propofed  for  making  Magnets. 

Prepare  a  dozen  bars  of  Steel,  of  about  an 
ounce  and  three  quarters  weight  each,  fix  inches 


Artificial  Magnets.  2  3 

long,  and  half  an  inch  broad;  let  thefe  be 
hardened  with  a  full  heat,  but  not  with  too 
great  an  one,  for  that  is  as  bad  as  the  other  ex¬ 
treme:  Thefe  bars  fhould  all  be  marked  at 
one  end,  in  order  to  diftinguifh  one  end  from 
the  other  ;  and  this  may  be  done  conveniently 
enough  by  nicking  them  with  a  Chizel,  whilft 
hot.  The  ends  of  the  bars  fhould  be  cleaned 
up  after  hardening,  either  upon  a  fmooth  Stone, 
or  Razor-grinder’s  Wheel,  in  order  to  make 
them  fhew  to  advantage  in  lifting  of  weights, 
and  perhaps  to  make  them  a  little  better  for 
touching  Needles,  &c.  It  may  not  be  amifs 
too,  for  thofe  who  require  beauty,  to  have  the 
whole  bar  cleaned  up  after  the  fame  manner  ; 
but  it  is  by  no  means  neceffary ;  for  the  bars 
that  are  hardened,  as  they  come  from  the  Forge, 
without  any  other  labour  be  flowed  upon  them, 
are  to  the  full  as  flrong,  perhaps  rather  ftronger 
than  the  others. 

The  foregoing  is  propofed  as  a  convenient 
Size  and  Shape.  But  if  any  other  is  liked 
better,  either  may  be  varied  at  pleafure,  pro¬ 
vided  there  be  always  obferved  a  proper  Length 
in  the  bars  in  proportion  to  their  Thicknefs ; 
an  account  of  which  may  be  feen  in  the  Table 
hereafter  inferted. 
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As  the  bars  here  propofed  are  defigned  to  be 
employed  in  making  of  Magnets  of  all  Sizes* 
if  any  Perfon  defigns  to  make  very  large  ones* 
he  mu  ft  have  a  great  many  more  than  a  dozen  j 
and  it  will  likewife  be  very  proper  to  have  a 
good  many  of  about  half  an  inch  longer,  or 
half  an  inch  fhorter  than  the  reft  $  the  reafons 
of  which  will  be  feen  hereafter. 

The  beft  fort  of  Steel,  to  make  thefe  bars 
of,  is  fuch  as  has  no  Veins  of  Iron  in  it ;  and 
probably  in  general,  that  which  will  receive  the 
greateft  degree  of  hardnefs,  and  with  lead:  heat. 
I  have  fometimes  given  the  preference  to  double- 
refin’d  Steel ;  fometimes  to  German  5  and  as 
often  to  the  common  bliftered  Steel ;  which,  I 
believe,  I  may  venture  to  recommend  as  equal 
to  any  that  I  have  tried  ;  for  the  difference  in 
Magnets,  made  of  any  Steel  whatfoever,  feems 
to  arife  chiefly  from  the  different  degrees  of 
heat  given  them,  in  order  to  harden  them  $ 
which  will  make  a  very  great  difference  in  the 
fame  Steel  5  but  the  blifter’d  Steel  feems  both 
as  certain,  and  as  little  liable  to  any  difference 
from  little  variations  in  the  degree  of  heat  given 
it,  as  any. 

It  will  be  proper,  when  any  Magnet  does 
not  prove  fo  good  as  expedfed,  to  harden  it 
over  again  with  a  greater  or  lefs  degree  of  heat, 

till 
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till  it  proves  better :  one  of  the  beft  fix-inch 
bars,  I  ever  made,  was  one  of  the  worft,  till 

it  had  been  hardened  fix  or  feven  different  times. 

/ 

As  the  common  bliflered  Steel  is  as  good  for 
our  purpofe  as  any,  a  dozen  fuch  bars,  as 
thofe  defcribed  above,  together  with  a  proper 
box  to  put  them  in,  may  be  afforded  for  a 
very  fmall  fum  ;  and  fuch  a  Set  is  capable  of 
touching  a  much  larger  Needle,  than  the  beft 
Natural  Magnet  yet  difcovered.  In  order  to 
prefer ve  thefe  bars,  it  will  be  proper  to  have  a 
box  contrived,  that  fhall  have  two  pieces  of 
Iron,  of  about  an  inch  long  each,  (which  will 
be  about  equal  to  the  thicknefs  of  half  a  dozen 
of  the  Magnetical  bars, )  fixed  upright  overagainft 
each  other  at  the  diftance  of  fix  inches  from 
outfide  to  outfide.  Thefe  pieces  of  Iron  may 
be  about  a  quarter  of  an  inch  fquare,  or  fome- 
what  more,  and  fhould  be  filed  pretty  fmooth 
on  the  fides :  Againft  thefe  are  to  be  placed, 
with  their  Edges  towards  them,  the  dozen  Mag¬ 
netical  bars,  fix  on  one  fide  of  them,  and  fix  on 
the  other  ;  the  fix  on  one  fide  with  their  South, 
or  North  Poles  one  way,  and  thofe  on  the  other 
fide  with  the  fame  Poles  the  contrary  way.— 
And  here  it  is  to  be  obferved,  that  they  muft 
neither  be  taken  out,  nor  put  in  all,  or  too 
many  on  a  fide  at  once  5  for  if  two  only  be 

D  left. 

T  -  * 
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left,  with  their  Poles  of  the  fame  denomina¬ 
tion  the  fame  way,  without  one  or  more  on 
the  other  fide  to  counterbalance  their  effe&s, 

i 

they  will  damage  each  other  ;  and  if  twTo  of 

the  fame  fide  be  taken  out  together,  or  laid 

with  their  Poles  of  the  fame  denomination  toge- 

• 

ther  after  they  are  taken  out,  they  will  alfo 
damage  one  another  ;  and  this  ought  always 
carefully  to  be  attended  to.  But,  if  at  any 
time  they  are  damaged,  either  for  want  of  tak¬ 
ing  this  precaution,  or  by  any  other  Means,  it 
will  be  proper  to  reftore  them,  before  they  are 
ufed,  after  the  manner  prefcribed  for  making 
of  Magnets. 

The  bars  being  prepared  as  above,  let  it  be 
propofed  to  make  the  marked  ends  of  them 
South  Poles,  and  the  unmarked  ends  North 
Poles.  To  do  this,  place  half  a  dozen  of 
them  in  a  line  North  and  South,  bringing  the 
unmarked  end  of  one  to  touch  the  marked 
end  of  the  next  throughout  -y  the  marked  ends 
lying  towards  the  North,  which  will  be  fome 
advantage  to  them  :  this  done,  take  an  armed 
Magnet,  and  placing  it  with  both  Poles  upon 
one  of  the  bars,  the  North  Pole  towards  the 
marked  end,  (which  is  to  be  a  South  Pole,)  and 
the  South  Pole  towards  the  unmarked  end, 
(which  is  to  be  a  North  Pole  3)  Aide  it  back¬ 
wards 
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wards  and  forwards,  from  end  to  end  of  the 
whole  line  of  bars,  three  or  four  times,  taking 
care  that  they  all  touch  ;  then  Hiding  it  upon 
one  of  the  middle  bars,  remove  the  two  end- 
moft  into  the  middle,  and  pafs  over  them  again 
three  or  four  times,  but  not  going  now  to  the 
end  of  the  line ;  becaufe  thofe  at  the  ends, 
which  were  before  in  the  middle,  will  have 
got  more  power,  Ithan  they  would  have  re¬ 
ceived  w'here  they  are  at  prefent ;  and  they 
would  lofe  fome  of  it,  if  they  wrere  palled  over 
again  ;  and  for  this  reafon,  (viz.  that  the  end* 
molt  bars  will  not  receive  fo  much  power,  as 
the  middlemoft,)  the  endmoft  bars  before  were 
diredted  to  be  removed  into  the  middle.  Hav¬ 
ing  touched  the  bars  in  the  foregoing  manner, 
it  will  not  be  improper  to  turn  thenvthe  other 
fide  uppermoft,  and  touch  them  over  again  on 
that  fide,  in  the  fame  manner,  excepting  the 
endmoft  bars,  for  the  reafons  above ;  wdiich, 
when  the  reft  are  touched,  muft  be  removed 
into  the  middle,  and  be  touched  in  their  turn. 

If  an  artned  Magnet  is  not  to  be  had,  take  an 
unarmed  one,  either  Natural  or  Artificial ,  and 
laying  the  bars  in  a  line  as  before,  place  the 
South  Pole  of  the  Magnet  upon  the  marked  end 
of  the  endmoft  bar,  and  Hide  it  over  the  whole 
line  to  the  end  5  then  taking  that  Pole  oft,  place 

p  z  the 
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the  North  Pole  on,  in  its  room  ;  not  at  the  ex¬ 
tremity  of  the  bar,  but  towards  the  middle,  and 
Hide  it  back  again ;  then  change  the  Poles  again, 
(taking  care  to  fet  the  Magnet  on  at  the  middle 
of  the  bar,)  and  Aide  it  to  the  other  end,  as  at 
firft  :  having  done  this  four  or  five  times,  re¬ 
move  the  two  endmoft  bars  into  the  middle, 
and  placing  the  South  Pole  of  the  Magnet  upon 
the  marked  end  of  them,  flide  it  to  the  un¬ 
marked  end  ;  and  then,  placing  the  North  Pole 
upon  the  unmarked  end,  Aide  it  to  the  marked 
end  :  Let  this  be  repeated  three  or  four  times ; 
and  turning  the  bars  the  other  fide  upwards, 
repeat  the  fame  procefs  again. 

If  the  Magnets  made  ufe  of  in  either  of  thefe 
Methods,  fiaould  be  too  weak  to  communicate 
a  fufficient  degree  of  virtue  to  the  bars  to  pro¬ 
ceed  with,  (which  may  pofiibly  be  the  cafe, 
efpecially  in  the  laft,  and  perhaps  fometimes  in 
the  former,  when  the  Poles  are  at  a  great  di- 
flance;)  it  may  not  be  amifs  to  touch  the  bars 
according  to  the  foregoing  directions,  before 
they  are  hardened,  when  they  will  receive  the 
Magnetic  Virtue  with  much  more  eafe  ;  then 
making  the  whole  dozen  Magnetical,  accord¬ 
ing  to  the  method  hereafter  given,  till  they  are 
as  ftrongly  fo,  as  they  will  be  in  their  foft  Aate, 
harden  one  half ;  and  having  made  them  Mag¬ 
netical 
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netical  with  the  remaining  half  that  are  foft, 
harden  thofe  alfo,  and  proceed. 

But  if  the  Magnets  be  fo  very  weak,  as  not 
to  perforin  fufficiently  even  in  this  cafe  5  re- 
courfe  muft  be  had  to  fmaller  bars  of  Steel,  than 
thofe  of  fix  inches,  and  thefe  foft  too  ;  and  if 
after  all,  this  will  not  do,  bars  of  Iron  muft 
be  ufed,  inftead  of  the  Magnets,  after  the  man¬ 
ner  defcribed  towards  the  end. 

Having  thus  communicated  a  fmall  degree 
of  Magnetifm  to  half  a  dozen  of  the  bars,  let 
the  other  half  dozen,  that  remain  yet  unmag- 
netical,  be  laid  in  a  line,  in  the  fame  manner 
as  the  former ;  and  let  A  B  in  fig.  ift  reprefent 
this  line,  confifting,  according  to  the  prefent 
fuppofition,  of  fix,  though  in  the  figure  only 
three  are  delineated,  for  want  of  room ;  the 
line  drawn  crofs  at  the  end  of  each  bar  towards 
the  right  hand,  reprefents  the  mark  to  diftin- 
guifh  that  end  from  the  other,  and  which  in 
the  prefent  cafe  we  propofe  to  make  a  South 
Pole  :  let  CD,  E  F,  reprefent  the  half  dozen 
bars,  already  made  Magnetical ;  of  which  C  D 
contains  three,  and  E  F  three  :  thefe  are  made 
to  lean  againft  each  other  at  the  top,  but  are 
feparated  to  a  fmall  diftance  at  bottom,  perhaps 
a  tenth  of  an  inch,  or  a  little  more ;  though  at 
firft,  while  they  are  weak,  they  can  hardly  be 

brought 
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brought  too  near,  provided  they  do  not  touch, 
which  they  mud  by  no  means  do :  it  will  be 
convenient  to  place  between  them  a  little  bit  of 
Wood,  or  any  other  Material,  except  Iron,  to 
keep  them  at  their  diftance.  The  three  Mag¬ 
nets  in  C  D,  (for  fo  we  may  properly  enough 
call  them,  though  their  power  as  yet  may  be 
very  fmall,)  have  all  their  South  Poles  down¬ 
ward,  and  placed  towards  the  unmarked  ends 
of  the  bars  in  the  line,  which  are  to  be  North 
Poles ;  and  the  three  Magnets  in  EF,  have 
all  their  North  Poles  downward  and  thefe 
are  olaced  towards  the  marked  ends  of  the  bars, 
which  are  to  be  South  Poles.  [As  in  C  D, 
E  F,  the  marks  upon  the  flat  fide  of  the  Mag¬ 
nets  are  hid  in  feveral  of  them,  there  are  little 
dots  made  on  the  edges,  to  diftinguifli  the 
South  Poles  by,  in  the  figure.]  Thefe  fix  Mag- 
netical  bars  being  thus  placed.  Aide  them  back¬ 
ward  and  forward  three  or  four  times  the  whole 
length  of  the  line  ;  then  remove  the  two  end- 
moil:  bars  of  the  line  into  the  middle,  as  be¬ 
fore,  and  Aide  the  Magnetical  bars  over  them 
again  ;  then  turn  the  bars  in  the  line,  the  other 
fide  upward,  and  go  over  them  again,  in  the 
fame  manner, excepting  the  endmofl:  bars;  which, 
when  thofe  in  the  middle  are  touched,  are  to 
be  removed  thither,  to  be  touched  in  their 

turn. 
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turn.  If  the  bars  that  were  firft  made  Mag- 
netical  had  acquired  a  fufficient  degree  of  virtue 
from  the  Magnet  made  ufe  of  to  begin  with,  this 
fecond  half  dozen  will,  by  the  means  here  re¬ 
commended,  have  acquired  a  ftronger  power 
than  the  former,  which  they  were  touched  by; 
and  therefore  we  may  now  lay  down  the  firft 
half  dozen,  in  a  line  as  before,  and  retouch 
them  after  the  fame  manner  with  the  latter, 
which  have  juft  received  their  Magnetifm  from 
them :  this  done,  lay  thofe  down  alfo  again, 
and  retouch  them  with  the  others :  Repeat  this 
a  few  times,  firft  touching  one  Set,  and  then 
the  other,  till  they  have  acquired  as  much 
Magnetifm,  as  they  will  retain;  or  till  they 
will  receive  no  additional  force,  by  any  farther 
repetitions. 

The  fix-inch  bars  made  Magnetical  after  this 
manner,  when  properly  harden’d,  will  fingly  lift 
by  one  Pole  a  piece  of  Iron,  weighing  a  pound  or 
better,  if  it  is  of  a  proper  form  ;  and  fix  fuch 
bars,  ufed  according  to  the  foregoing  directions, 
will  touch  a  line  of  frefh  bars,  of  the  fame  fize, 
to  their  full  perfection,  in  three  or  four  times 
Aiding  over  them ;  except  the  endmoft,  which 
muft  be  always  removed  to  the  middle. 

In  the  Method  here  given,  three  of  the  Mag¬ 
netical  bars  (which  are  made  ufe  of  to  touch  the 

others,) 


32  A  'Treatife  of 

others,)  on  one  fide,  are  fet  with  their  North 
Poles  downward,  and  the  other  three  on  the 
other  fide,  with  their  South  Poles  downward ; 
Now  as  feveral  Magnets  laid  together,  with 
their  Poles  of  the  fame  denomination  the  fame 
way,  will  greatly  injure  one  another,  unlefs 
they  have  fomething  to  counteract  them  ;  it  is 
abfolutely  neceffary,  (and  it  ought  always  care¬ 
fully  to  be  ohferved,)  not  to  place  two  of  them, 
of  a  fide,  on  together,  but  fingly,  one  on  one 
fide,  and  one  on  the  other,  leaning  them  toge¬ 
ther,  that  they  may  reft  againft  one  another 
at  the  top :  at  the  bottom  they  are  preferved 
from  injuring  one  another,  by  being  placed 
upon  the  bar  which  is  to  be  made  Magnetical. 
In  like  manner  thev  mu  ft  not  be  taken  off  two 
of  a  fide  together;  but  fingly,  firft  on  one  fide, 
and  then  on  the  other  :  But  the  readieft  way  of 
taking  them  off,  is  firft  to  bring  them  to  touch 
one  another  at  the  bottom,  in  the  fame  manner 
as  they  do  at  the  top,  and  then  they  may  be  re¬ 
moved  at  once,  and  upon  occafion  fet  on  again  ; 
only  obferving  not  to  feparate  them  again,  at 
the  bottom,  till  they  are  placed  upon  the  bar, 
they  are  to  touch. 

The  two  bars,  at  the  ends  of  the  line,  are 
directed  to  be  removed  from  thence  in  their 
turn;  becaufe  they  will  not  receive  fo  much 

virtue 
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Virtue  there,  as  when  placed  in  the  middle ; 
the  reafon  of  this  feems  to  be,  that  the  fix 
Magnets,  employed  in  touching,  are  endea¬ 
vouring  to  make  that  Part  of  the  bar  which  is 
not  included  between  them,  Magnetical  in  a 
contrary  direction  from  that,  which  is  included 
between  them  :  Now  this  laft  is  the  direction 
of  Magnetifm  delign’d  ;  and  confequently  that 
former  Endeavour  is  againft  us,  and  would  do 
mifchief,  were  it  not  by  fome  means  pre¬ 
vented  ;  and  to  prevent  it,  there  are  two  caufes 
that  concur ;  one,  the  power,  by  which  the 
Steel  refills  in  a  certain  degree  all  Endeavour* 
either  to  make  it  Magnetical,  or  to  deftroy  its 
Magnetifm ;  the  other,  the  power  of  the  bars 
already  in  fome  meafure  Magnetical,  which 
lye  at  both  ends  of  the  bar  that  is  touched.  Now 
this  laft  Power  is  wanting  at  one  extremity  of 
thofe  bars,  that  are  placed  at  the  ends ;  and 
confequently  not  having  a  fufficient  force  fully 
to  refill  the  contrary  Endeavour  of  the  Mag¬ 
nets  employed  in  touching  them,  they  become 
lefs  Magnetical  than  the  others,  which  have  a 
fufficient  force.  Though  in  the  line  of  bars, 
when  making  Magnetical,  each  bar  has  only 
one  at  each  end  to  f  fupport  it  againft  the  con* 

f  Thofe  Magnets,  that  are  placed  at  the  ends  of  the 
ethers,  to  preferve  them,  I  call  Supporters, 
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trary  Endeavour  of  the  fix,  made  uie  of  to 
touch  it,  and  this  does  very  well  ;  yet  fome 
will  receive  fome  additional  force  by  being  fup- 
ported  with  larger  Magnets ;  or  inftead  of  that, 
two  or  three  of  their  own  fize,  at  each  end  ; 
thofe  at  the  marked  end  all  with  their  North 
Poles  touching  it,  and  thofe  at  the  unmarked 
end  all  with  their  South  Poles  touching  it :  And 
becaufe  there  will  be  two  or  three  North  Poles 
and  as  many  South  Poles  together  amongft  the 
Supporters,  at  the  other  end  from  the  bar  to  be 
touched,  that  have  nothing  to  counteradt  them, 
it  will  be  proper  to  place  the  South  Pole  of  an¬ 
other  Magnet  amongft  the  North  Poles,  and 
the  North  Pole  of  another  amongft  the  South 
Poles,  that  they  may  not  hurt  one  another, 
which  they  otherwife  will  do. 

If  more  Magnets,  than  fix,  are  ufed  to  touch 
bars  of  their  own  fize,  the  contrary  Endeavour 
will  be  greater;  and  confequently  they  ought 
not  to  touch  fo  well  as  fewer,  unlefs  the  bars 
to  be  touched,  are  more  ftrongly  fupported  ; 
hence  eight  Magnets  will  not  touch  a  line  of 
bars  fo  well,  as  fix ;  for  one  fupporter  at  each 
end,  is  not  fufficicnt  againft  the  contrary  En¬ 
deavour  of  fo  many. 

As  eight  Magnets  have  a  greater  power  than 
fix,  and  therefore  muft  certainly  communicate 

a  greater 
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a  greater  power  to  a  bar,  if  it  is  fufficiently 
fupported ;  it  may  be  alked,  why  fhould  we 
not  contrive  to  fupport  it  fufficiently,  and  make 
ufe  of  eight  ?  To  this  I  anfwer,  that  fix  are 
abundantly  fufficient,  to  communicate  as  much 
power  to  a  bar  of  their  own  fize,  as  it  will  re¬ 
tain  ;  and  indeed,  a  good  deal  more  :  Four  only 
are  not  much  inferior  to  fix  ;  and  two  will  give 
a  power  not  a  great  deal  lefs  than  either  of 
thofe  numbers.  But  if  any  one  chufes  to  try 
eight,  or  a  much  greater  number ;  (fince  it  is 
not  an  eafy  matter  to  fupport  againft  the  con¬ 
trary  Endeavour  of  a  great  many,)  he  may,  by 
the  following  means,  touch  a  very  fmall  bar  with 
almoft  any  number  he pleafes.  Place  upon  the 
bar  to  be  touched  any  number,  in  the  fame  man¬ 
ner  as  the  fix  are  ordered  to  be  placed,  viz.  half 
with  the  South  Poles  downward  towards  one 
end  5  and  the  other  half  with  the  North 
Poles  downward,  towards  the  other  end  :  And 
in  cafe  there  be  not  otherwife  convenient 

% 

room  to  place  fo  many  as  defired,  they  may 
be  placed  in  double  order  upon  the  bar, 
only  one  half  of  each  {landing  updn  the  bar, 
and  the  reft  hanging  over.  Thefe,  in  (lead  of 
being  made  to  lean  at  the  top  againft  each 
other  to  preferve  them,  may  be  made  to  lean 
with  their  edges  againft  a  piece  of  Iron,  the 

length 
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length  of  the  bar  to  be  touched  ;  or  (if  they  are 
placed  in  double  order,)  againft  two  fuch  pieces 
of  Iron ;  then  the  two  Sets,  viz*  thofe  with 
their  North  Poles  downward,  and  thofe  with 
their  South  Poles  downward,  being  placed  fo 
near  each  other  as  almoft  to  touch  in  the 
middle,  they  may  be  gradually  drawn  from 
each  other  to  the  ends. 

After  this  manner  it  may  not  be  amifs  to 
touch  very  fmall  Needles,  that  are  fo  flender 
as  not  to  be  able  to  fupport  themfelves  againft 
the  contrary  Endeavour,  though  they  be  touch¬ 
ed  with  only  two  of  the  fix-inch  Magnets ;  but 
in  this  cafe,  there  will  be  no  occafion  for  the 
pieces  of  Iron  mention’d  above ;  as  it  will  not 
be  at  all  neceflary  to  ufe  more  than  two  Mag¬ 
nets  to  touch  them  with,  which  will  want  no 
connection  to  prefer ve  them. 

The  manner  of  making  Artificial  Magnets, 
{hewn  in  the  foregoing  Pages,  may  not  impro¬ 
perly  be  called  the  double  ‘Touch :  The  reafon 
why  the  Magnets  ufed  in  it  are  to  be  placed  in 
the  manner  directed,  and  why  they  give  that 
direction  of  Magnetifm  which  they  do,  cannot 
but  be  obvious  enough  to  thofe,  who  have  at 
all  thought  upon  this  fubjeCt :  And  many  of  the 
advantages  the  double  Touch  has  over  the  fingle , 
or  common  way  of  touching,  are  alfo  very 

plain. 
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plain.  In  the  common  way,  the  ftrength  of 
only  a  Pole  of  one  denomination,  and  of  one 
Magnet  can  be  applied  ;  and  if  this  flhould  not 
be  ftrong  enough,  to  give  as  great  a  degree  of 
Magnetifm  to  a  bar  of  Steel,  as  it  will  retain, 
we  cannot  add  to  it,  by  applying  feveral  Mag¬ 
nets,  with  their  Poles  of  the  fame  denomina¬ 
tion  together,  and  touching  upon  them  as  if 
they  were  one ;  fince  Magnets,  placed  with 
their  Poles  of  the  fame  denomination  together, 
will  greatly  damage  each  other ;  and  if  there 
be  many  of  them,  they  will  utterly  fpoil  feve~ 
rat,  and  greatly  damage  the  reft  :  If  therefore 
we  wanted  to  touch  a  bar,  that  would  require 
the  ftrength  of  thirty  of  the  fix-inch  bars,  or 
more,  after  the  manner  of  the  Jingle  'Touchy  it 
would  be  utterly  impoflible ;  fince  we  could  by 
no  means  collect  force  enough  together,  on  ac¬ 
count  of  their  fpoiling  each  other  ;  but  if  we 
take  one  half  of  the  number  of  bars,  and  fet 
them  the  other  ends  upward,  over  againft  the 
reft,  after  the  manner  in  the  double  T ’ouch ; 
they  will  then  not  only  preferve  each  other  al- 
moft  entirely  ;  but  it  fnould  feem,  that  they 
will  alio  in  fome  meafure  encreafe  the  ftrength 
of  the  ends ,  which  principally  are  concerned  in 
touching. 


There 
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There  is  a*  fmall  advantage  in  the  double 
'Touch,  arifing  from  the  two  Sets  of  Poles  be¬ 
ing  near  each  other  $  fo  that  they  counteract, 
in  fome  meafure,  the  contrary  Endeavour  of 
one  another. 

Two  Magnets  will  give  more  ftrength  to 
a  bar  of  their  own  fize,  when  ufed  after  the 
manner  of  the  double  Touch ,  than  a  fingie  Mag¬ 
net  equal  to  five  of  the  former  in  ftrength, 
when  applied  after  the  manner  of  the  Jingle 
Touch :  To  fet  them  however  in  a  fair  light, 
we  ought  to  reckon  the  two  as  nearly  equal  to 
four ;  fince  they  have  the  double  afiiftance  of 
what  they  touch,  after  it  is  once  become  at  all 
Magnetical  5  and  becaufe  all  Magnets  are  much 
ftronger  in  the  middle,  than  they  are  at  the  ends, 
this  may  perhaps  be  nearly  equal  to  the  ftrength 
of  the  two  Magnets,  that  are  employed ;  whence 
we  ought  to  reckon  a  force  nearly  equal  to  four 
of  the  fingie  bars,  in  this  manner  of  touching, 
againft  a  little  more  than  the  five  in  the  fingie 
touch,  where  theMagnetifm  of  the  bar  touched 
is  of  very  little  afiiftance,  the  part  lying  behind 
the  Magnet  employed  in  touching,  being  gene¬ 
rally  Magnetical  by  the  force  of  it  in  a  contrary 
direction,  from  that  which  lies  before  the  Mag¬ 
net,  and,  confequently  nearly  counteracting  it. 

'  When 
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When  I  firfl  thought  of  trying  the  double 
Touch,  I  promifed  mylelf  great  advantages  from 
it ;  feeing  from  other  experiments  a  great  pro¬ 
bability,  that  the  only  thing  wanting  to  make 
Steel  very  Magnetical,  was  to  apply  a  fufficient 
force  ;  and  by  the  means  of  the  double  Touch, 
I  did  not  doubt  of  being  able  to  apply  almoft 
any  force,  I  would :  But  I  did  not  expe<3  that 
there  would  be  fo  great  a  dilproportion  between 
it  and  the  jingle  Touch,  as  I  have  fince  found  ; 
neither  am  I  thoroughly  fatisfied,  that  there  is 
not  yet  fome  other  reafon  wanting  to  account 
for  it,  befides  thofe  already  given  ;  which  leem 
hardly  fufficient  to  account  for  the  whole  of 
it. 

All  Needles  fhould  be  touched  double ,  and 
well  fup ported,  in  order  to  be  fore  of  giving 
them  their  full  force  :  And  it  is  well  worth  ob- 
ferving,  that  (for  the  reafons  already  affigned) 
care  Ihould  be  taken  to  make  them  of  hardened 
Steel,  and  by  no  means  of  foft,  or  even  Ipring- 
temperd.  And  there  is  another  advantage  in 
making  Needles  hard,  befides  their  retaining 
more  power,  and  lofing  their  power  with  more 
difficulty,  viz.  that  the  Poles  of  fuch,  accord¬ 
ing  to  the  fifth  property  of  Magnets,  men¬ 
tion’d  Page  19,  are  nearer  the  extremities,  and 
confequently  adt  with  more  force  to  turn  the 
Needle  about. 


For 
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For  Mariner’s  -f*  Needles  to  carry  a  Card,  it 
will  be  very  proper,  to  ufe  fuch  bars  as  thofe 
propofed  for  Magnets,  (or  however  but  little 
fmaller  in  proportion  to  their  Length,)  with  a 
hole  in  the  middle,  to  let  the  pin,  they  are  to  reft 
on,  pafs  through,  and  to  faften  a  cap  in :  The 
reafon  why  I  would  recommend  fuch  large 
bars,  is  becaufe  the  larger  quantity  of  Steel  we 
ufe,  the  more  fteadily  and  certainly  the  Com* 
pafs  will  traverfe,  (provided  the  Needle  be  as 

f  Perhaps  it  may  not  be  amifs  to  cover  the  Needles, 
made  ufe  of  in  the  Sea  Service,  with  a  very  thin  coat  of 
Linfeed  Oil,  or  fome  kind  of  Varnifh,  that  may  keep 
them  from  rufting,  which  is  generally  reckon’d  to  injure 
all  Magnetical  bodies  that  are  liable  to  it.  Needles  may 
be  touched  through  fuch  a  coat,  as  well  as  when  naked, 
if  not  according  to  the  method  for  making  of  Magnets,  at 
Icaji  by  a  great  number  of  bars  applied  after  the  method 
recommended  for  making  fmall  bars  Magnetical.  [See 
Page  35.]  But  probably  the  former  Manner  will  be 
effectual  ;  for  I  have  given  a  very  confiderable  ifrength  to 
bars,  though  a  card  (which  is  many  times  thicker  than 
fuch  a  coat, )  was  placed  between  them  and  the  half  dozen 
bars  made  ufe  of  to  touch  them.  And pojfibly  fuch  a  coat 
(efpecially  of  Linfeed  oil,J  may  make  the  Needles  in 
time  able  to  retain  a  greater  degree  of  Magnetifm,  than 
they  otherwife  would  do  ;  for  I  haveobferved  that  painted 
Iron  Cafements  are  very  often  remarkably  Magnetical ; 
and  it  is  generally  faid  too,  that  they  become  much  harder, 
and  more  brittle,  for  being  painted  ;  which  perhaps  may 
be  the  reafon  of  their  being  fo  remarkably  fufceptible  of 
Magnetifm. 


Mag* 


Artificial  Magnets .  4 1 

Magnetical  in  proportion  to  its  bulk,  as  a  more 
flender  one ;  and  this,  fuch  as  are  here  pro- 
pofed  may  be;)  but  they  fhould  not  be  much 
larger,  for  then  that  will  not  be  the  cafe. 

There  is  one  objection  however  to  the  mak¬ 
ing  ufe  of  fuch  large  bars  for  Needles,  efpe~ 
cially  if  they  are  broad  at  the  ends,  which  is 
this ;  that  we  cannot  in  fuch  be  always  fure  of 
having  the  *  Axis  exactly  in  the  middle  of 
them :  This  however  may  in  fome  meafure  be 
fecured,  by  ufing  bars  pointed  at  the  ends,  fuch 
as  fig.  2d.  But  as  in  fuch  bars  the  Poles  will  be 
removed  fomewhat  farther  from  the  ends,  and 
confequently  the  Needle  will  thereby  be  made 
Jhorter ,  if  not  lefs  Magnetical  too,  in  propor¬ 
tion  to  its  fize,  it  feems  rather  advifeable  to  ad- 
juft  this  inaccuracy ;  which  may  be  done,  by 
placing  a  long  and  flender  Needle,  without  a 
Card,  fo  as  to  be  able  to  mark  its  variation, 
very  exadtly,  from  fome  fixed  point ;  then  re¬ 
moving  the  flender  Needle,  place  that  which  is 
to  carry  the  Card  in  its  room ;  and  adjuft  the 
Card  upon  it,  according  to  the  variation  of  the 
former :  This  may  be  better  done  on  Shipboard, 
by  ftretching  a  line  fore  and  aft,  and  placing 

*  The  Axis  of  a  Needle,  or  Magnet,  is  a  line  palling 
through  the  two  Poles ;  which  is  its  line  of  direction,  from 
which  we  mull  reckon  its  variation,  &c9 
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both  Needles  under  it,  at  a  good  diftance  from 
each  other,  that  they  may  not  affedt  one  an¬ 
other  3  and  then  adj  ufting  them  by  the  line. 

There  is  an  inconvenience  will  arife  from  in- 
creafing  the  weight  of  Mariners  Needles  ;  viz . 
that  the  fridtion  will  be  increafed  with  it,  and 
that  in  a  greater  proportion  than  the  power  of 
the  Needles  to  turn  themfelves  about,  if  they 
are  made  with  metal  caps,  -  to  turn  upon  metal 
points  ;  efpeciallv  as  we  cannot  well  ufe  Steel 
points  at  Sea,  where  every  thing  of  Iron  or 
Steel  is  extremely  fubjedt  to  ruft.  To  reme¬ 
dy  the  friction  in  this  cafe,  it  will  be  very  pro¬ 
per  to  make  ufe  of  caps,  that  have  a  little  bit  of 
Glafs  fet  in  the  top  ;  which  will  do  full  as  well, 
and  perhaps  better  than  Agate,  (which  is  fome- 
times  ufed;)  at  leaft  it  will  be  lefs  trouble  to 
work  it  into  its  proper  form.  This  bit  of 
Glafs  fhould  have  a  hollow  hemifphere  ground 
on  the  underfide,  which  fhould  be  very  accu¬ 
rately  polifhed  5  it  may  be  about  a  twentieth 
part  of  an  inch  in  diameter,  (more  or  lefs  ac¬ 
cording  to  the  fize  of  the  Needle  it  is  to  carry  :) 
The  point,  that  this  is  to  turn  upon,  fhould  be 
made  either  of  Silver,  or  (which  will  be  better) 
of  Gold,  made  very  hard  by  a  good  deal  of 
allay  ;  thefe  are  not  either  of  them  fubjedt  to 
ruft,  efpecially  not  the  Gold.  Such  caps  and 

points 
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points  as  thefe,  need  be  very  little  additional  ex¬ 
pence  to  any  compares ;  and  compaffes,  fur- 
nifhed  with  fuch,  may  be  depended  upon  to 
a  much  greater  degree  of  exadtnefs,  than  is  ne- 
ceffary,  or  than  it  is  poflible  to  fleer  to,  when 
there  is  not  the  leaft  breath  of  air  to  ruffle  the 
Water,  or  the  leaft  fwell  to  caufe  any  motion 
in  the  Ship  ;  and  this  without  the  attendance  of 
a  perfon  to  tap  the  box,  in  order  to  take  off  the 
fridion ;  which  in  the  common  compaffes  is 
often  neceffary,  if  it  be  required  that  they 
fhould  traverfe  with  any  degree  of  accuracy. 

I  fatten’d  fuch  a  cap  as  that  defcribed  above, 
to  a  Needle  that  weighed  fomewhat  more  than 
eight  Ounces,  and  which  was  32  inches  long: 
This  Needle  was  fet  a  going  at  the  rate  of  about 
twenty  five  times  round  in  a  minute  and  with 
this  force,  it  made  complete  revolutions  for  the 
fpace  of  feventeen  or  eighteen  minutes ;  after 
which  it  continued  to  vibrate  about  fifteen  mi¬ 
nutes  longer,  before  it  came  to  be  quite  at  reft ; 
and  this  it  did  upon  a  very  irregular  and  blunt 
Brafs  point,  which  it  had  made  fo  by  its  weight. 
The  fame  Needle  retting  upon  a  fharp  and  well 
polifhed  Steel  point  in  Brafs,  would  hardly  vi¬ 
brate  at  all.  This  Needle,  with  the  glafs  cap, 
performed  its  fmaller  vibrations,  which  were 
nearly  of  equal  time,  in  about  thirteen  feconds ; 

f  2  and 
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and  though  large  Needles  do  not  vibrate  very 
faft,  in  proportion  to  the  fmall  ones,  yet  this 
would  probably  have  vibrated  confide rably 
fafter,  had  it  been  properly  hardened  j  for  it 
was  fo  long,  that  it  was  with  fome  difficulty 
hardened  at  all  by  fuch  workmen,  as  I  was  able 
to  procure ;  and  therefore  being  at  laft  too  foft, 
it  would  not  become  near  fo  Magnetical,  as 
other  wife  it  might  have  been. 

There  are  many  Occafions,  where  thefe  long 
Needles  may  be  very  ufeful ;  and  particularly,  on 
account  of  their  traverfing  to  a  much  greater  de¬ 
gree  of  exadtnefs  than  the  (hort  ones,  if  they  be 
well  hung,  as  upon  Glafs,  (Sc.  which  is  almoft 
abfolutely  neceffary.  There  is  one  cafe  where 
they  may  be  of  confiderable  fervice;  which 
therefore  it  may  not  be  improper  to  mention. 

It  is  faid,  that  it  is  common  to  make  ufe  of 
Needles  in  Mines,  (particularly  of  Coal,)  in  or¬ 
der  to  know  the  bearing  of  one  place  from  an¬ 
other,  that  they  may  be  able  to  fink  a  Shaft 
from  above,  over  any  place  they  will :  But  as 
in  many  forts  of  Mines,  and  particularly  thofe 
of  Coal,  there  are  often  fmall  quantities  of  Mag¬ 
netical  Iron  Ore,  they  are  very  often  thereby 
deceived,  the  Magnetical  Iron  Ore  drawing^the 
Needle  out  of  its  proper  direction  :  Now  the 
long  Needles,  befide  their  traverfing  to  a  greater 

degree 
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degree  of  exadnefs,  are  lefs  liable  to  be di Curb¬ 
ed  by  any  fmall  things,  already  4  Magnetical, 
than  the  Ihorter  ones.  However,  as,  after  all, 
the  long  Needles  will  be  liable  to  be  fomewhat 
difturbed,  by  parcels  of  Magnetical  Iron  Ore, 
that  may  chance  to  lye  near;  the  following 
method  may  be  ufed,  which  will  hardly  ever 
fail  of  difcovering  fuch,  if  there  be  any  ;  and 
will  point  out  a  way  to  redify  very  nearly  any 
error,  that  may  be  occafioned  thereby.  Stretch 
a  line,  as  long  as  conveniently  may  be,  in  the 
Mine^  and  placing  the  Needle  under  it  at  one 
end,  obferve  whether  the  Needle  coincides 
with  it,  or~at  what  angle  it  interfe&s  it ;  then 
removing  the  Needle  from  place  to  place 
under  the  line,  obferve  whether  it  always  re¬ 
tains  the  fame  direction  with  relpedl  to  it )  and 
if  it  does,  its  direction  may  be  looked  on  as  true, 
‘with  hardly  a  poffibility  of  being  deceived :  But  if 
it  varies  in  its  dire&ion  in  different  places,  then 
the  place  or  places,  where  it  deviates  moft  from 
its  general  dire&ion  in  other  places,  or  where 

f  Thefe  largeNeedles  indeed  are  rather  more  fubje&,than 
imaller  ones,  to  be  difturbed  by  any  thing  capable  of  beiiKr 
made  Magnetical  by  themfelves ,  as  their  power  is  ft ronger 
at  a  diftance)  for  this  reafon  all  Iron,  as  Picks, 
fhould  be  the  more  carefully  kept  at  a  good  diftance  from 
v hem  5  and  tms  indeed  fhould  be  obferved,  when  cm y 
Needles  are  ufed. 

it 
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It  varies  quickeft  in  moving  the  fame  diftance 
along  the  line,  muft  be  neareft  the  occafion  of 
its  varying  ;  and  then  the  farther  one  can  re¬ 
move  from  fuch  place  or  places,  the  better. 
And  after  all,  a  little  may  be  allowed  for  the 
varying  of  the  Needle  towards,  or  from  fuch  place 
or  places,  according  as  it  (hall  appear,  that  its 
North  or  South  Pole,  which  was  there  at¬ 
tracted,  is  neareft  to,  or  far  theft  from  any  fuch- 
And  in  order  to  find  which  was  attracted,  re¬ 
move  the  Needle  to  a  little  Diftance,  in  a  di¬ 
rection  at  right  angles  to  the  line,  firft  on  one 
fide,  and  then  on  the  other  and  obferve  on 
which  fide  it  deviates  moft  from  its  general  di¬ 
rection  in  other  places :  And  then  that  end  of 
the  Needle  which  deviates  there  towards  that 
fide ,  or  from  the  liney  is  the  end  attracted.  But 
if,  on  either  fide  of  the  line,  the  Needle  fhould 
chance,  when  removed  a  little  way,  to  deviate 
a  good  deal  3  and  when  removed  a  little  farther, 
to  deviate  not  at  all ;  and  when  removed  a  little 
farther  ftill,  to  deviate  the  other  way ;  then  the 
fubftance  attracting  the  Needle  is  nearly  over 
or  under  it,  at  the  point  where  it  does  not  de¬ 
viate  at  all :  This  therefore  fhould  be  carefully 
obferved,  left  the  Needle  happening  to  be 
placed  in  this  fituation,  where  it  does  not  de- 
viate  at  all,  the  other  fhould  be  taken  for  the 

fide 


Artificial  Magnets .  47 

fide,  where  the  attracting  fubftance  lyes,  which 
may  occafion  a  confiderable  error. 

The  fix-inch  bars  are  very  fufficient  for  any 
purpofes  of  touching,  and  they  are  fuch  as  are 
moft  likely  to  be  generally  ufeful ;  and  as  it  is 
probable  that  Needles,  of  a  greater  thicknefe 
than  they  are,  will  hardly  ever  be  ufed,  the 
foregoing  directions  might  perhaps  be  fuffi- 
cient.  But  becaufe  fome  may  chufe  to  make 
larger  Magnets  than  thofe  of  fix  inches,  as  alfo 
of  different  Shapes,  for  the  fake  of  variety  and 
curiofity  5  and  it  will  require  fome  experience 
to  be  able  to  manage  them  conveniently,  and 
to  know  how  many  of  the  fix-inch  bars  are 
proper  to  be  ufed  in  touching  them,  the 
following  directions  are  inferted. 

All  bars  made  ufe  of  for  Magnets  muft  be 
made  of  Steel,  and  harden'd  according  to  the 
directions  given  for  the  fix-inch  bars :  And  in 
order  to  hold  fo  great  a  number  of  fix-inch 
bars,  as  muft  be  employed  in  touching  the  large 
bars,  it  is  neceffary  to  make  ufe  of  fome  kind 
of  Frame ;  it  being  impofiible  to  hold  them  in 
the  hand,  as  one  may  the  fix  for  touching  the 
fmall  bars.  The  following  is  a  defcription  of 
a  Frame  for  this  purpofe. 

Let  fig.  3d  reprefent  a  Frame  for  holding 
feveral  of  the  fix-inch  bars  in  order  to  touch 

1  / 
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large  bars ;  at  the  bottom  of  the  Frame  are 
placed  two  pieces  of  Wood,  the  ends  of  which 
are  feen  at  A  and  B  ;  the  diftance  of  thefe 
pieces  from  each  other  muft  be  a  little  more 
than  the  breadth  of  the  bar  to  be  touched, 
which  is  to  Aide  eafily  between  them  :  The  de- 
Agn  of  thefe  two  pieces  is  to  keep  the  Frame 
fteadv  upon  the  bar,  that  it  may  not  Aide  off 
Adeways,  when  it  fliould  not  ;  but  as  it  will 
be  fometimcs  required  to  Aide  it  off  Adeways, 
thefe  mu  ft  be  either  made  fo  as  to  be  taken  off 
occaftonally,  or,  they  muft  be  entirely  omit¬ 
ted.  The  height  of  the  Frame,  without  thefe 
two  pieces,  is  fix  inches,  being  the  length  of 
the  bars  employed  in  touching ;  it  conAfts  of 
four  upright  pieces  framed  together  at  the  top 
and  bottom  by  two  open  Frames,  each  of 
which  is  divided  into  two  partitions  by  a  crofs 
bar,  of  about  half  an  inch  wide,  in  the  middle: 
Thefe  partitions  are  to  hold,  one  of  them  a  Set 
of  bars  with  their  South  Poles  downward,  and 
the  other  a  Set  of  a  like  number  with  their 
North  Poles  downward ;  and  they  are  ftip- 
pofed  wide  enough  to  hold  two  breadths  of  the 
Ax-inch  bars,  which  will  be  almoft  an  inch 
and  quarter  ;  and,  becaufe  this  is  conAderably 
more  than  the  breadth  of  the  bar  to  be  touch¬ 
ed,  the  two  pieces  A  and  B  will  be  nearer  to¬ 
gether 


Artificial  Magnets .  49 

gether  than  the  two  fide  pieces  of  the  Frame  ; 
and  the  fix-inch  bars,  when  placed  in  double 
order,  will  hang  over  the  pieces  A  and  B  ;  and 
therefore,  that  they  may  not  reft  upon  them, 
and  be  thereby  born  off  from  the  bar  they  are 
to  touch,  the  three  tranfverfe  pieces  of  the 
Frame  at  bottom  are  all  fuppofed  to  be  notch¬ 
ed  in  a  little  way,  to  allow  a  little  liberty.  In 
the  frame-work  at  the  top  are  two  hollows, 
one  on  each  fide,  (that  on  the  farther  fide  only 
is  vifible  in  the  Figure  5)  thefe  hollows  are  to 
be  large  enough  to  receive,  each  a  piece  of  foft 
Iron,  of  about  half  an  inch  broad,  and  a  quar¬ 
ter  thick,  or  fomewhat  larger ;  and  yet  leave 
as  great  a  diftance  between  them,  as  to  contain 
two  breadths  of  the  fix-inch  bars;  that  is,  almoft 
an  inch  and  quarter,  which  is  the  breadth  of 
the  open  partitions. 

Thefe  two  pieces  of  Iron  are  to  be  filed 
pretty  fmooth  on  that  fide,  which  is  placed  in¬ 
wards  ;  they  are  defigned  to  connect  the  bars 
in  one  partition  of  the  Frame,  with  thofe  in  the 
other ;  one  half  of  the  bars  in  each  being  to 
lean  againft  each  of  them  ;  and,  as  leaning  the 
bars  againft  one  another  ^as  was  done,  when 
fix  only  were  employed,)  cannot  be  conveni¬ 
ently  applied,  when  many  are  made  ufe  of ; 
fome  fuch  contrivance  as  this  is  abfolutely  ne- 
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ceflfary,  to  preferve  the  bars  in  each  partition 
from  fpoiling  one  another  3  which,  becaufe 
they  all  lye  with  their  Poles  of  the  fame  deno¬ 
mination  the  fame  way,  they  would  certainly 
do,  if  thofe  in  one  partition  were  not  connected 
with  thofe  in  the  other.  But  this  will  preferve 
them,  becaufe  the  Poles  of  one  Set  lye  in  the 
contrary  direction  from  thofe  of  the  other. 

The  Frame  being  made  as  above,  and  the 
two  pieces  of  Iron  put  into  the  hollows  at  the 
top,  place  it  upon  one  bar  of  a  line  of  large  ones 
to  be  made  Magnetical  3  and  fet  a  *  proper  num¬ 
ber  of  the  fix- inch  bars  in  each  partition  3  not 
all  at  once  in  either,  but  fingly,  one  in  one, 
and  one  in  the  other  3  thofe  in  one,  with  their 
South  Poles  refting  upon  the  bar,  and  their 
North  Poles  leaning  againft  the  pieces  of  Iron 
above  3  and  thofe  in  the  other,  with  their  North 
Poles  refting  upon  the  bar,  and  their  South  Poles 
leaning  againft  the  pieces  of  Iron  above  3  the 
North  Poles  refting  upon  the  bar  being  towards 
the  marked  end  of  it,  (which  is  to  be  a  South 
Pole,)  and  the  South  Poles  towards  the  unmark¬ 
ed  end  of  it,  (which  is  to  be  a  North  Pole  :) 
This  being  done,  Hide  the  Frame  backwards  and 
forwards  upon  the  line  of  bars,  three  or  four 

*  For  the  number  of  fix-inch  bars  necefiary  to  touch 
bars  of  different  fizes,  fee  the  Table  hereafter  inferted. 

times  $ 


Artificial  Magnets .  k  i 

times';  and,  turning  them,  touch  them  on  every 
fide,  if  fquare;  or  on  the  two  fiat  fides,  if 
flat ;  and  remove  the  endmoft  into  the  middle, 
and  pafs  over  them  again. 

As  the  fix-inch  Magnets,  fo  probably  thofe 
of  a  larger  fize  alfo,  will  often  receive  fome  ad¬ 
ditional  ftrength  by  being  fupported  by  more 
than  one  of  their  own  fize  at  each  end ;  if 
therefore  it  be  required  to  give  one  of  them  the 
utmoft  power  it  will  receive,  it  may  not  be 
amifs  to  fupport  the  ends  of  it  by  two  or  three 
of  its  own  fize  ;  or  inftead  of  that,  as  many  of 
the  fix-inch  bars,  as  may  be  equivalent  to  them. 
But  becaufe  fo  many  cannot  perhaps  be  always 
placed  at  the  end  of  a  bar,  as  may  be  required, 
it  will  do  as  well  to  place  fome  of  them  at  the 
fides,  as  near  the  end  as  conveniently  may  be. 
The  ends  of  the  Supporters,  which  do  not 
touch  the  large  bar,  being,  at  either  end  of  it, 
all  Poles  of  the  fame  denomination,  mud  be 
again  fupported  by  a  few  others,  that  they 
may  not  damage  orie  another  ;  thefe  mu  ft  be 
fupported  by  others ;  and  thofe  again  perhaps 
by  others,  and  fo  on ;  and  this  muft  always 
be  obferved,  whenever  a  great  number  of 
Supporters  are  ufed,  unlefs  the  Supporters  at 
one  end  can  be  connected  with  thofe  at  the 
other,  by  means  of  a  bar  of  Iron  as  large,  or 

<5  2  .  fome- 
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fomewhat  larger  than  the  bar  of  Steel  to  be 
made  Magnetical.  And  becaufe  the  fupporters 
may  damage  one  another  at  the  ends  that  lye 
next  the  bar  fupported,  for  want  of  fufficient 
force  to  counterbalance  their  effedts,  before  the 
bar  is  become  Magnetical  ;  it  will  be  conveni¬ 
ent  perhaps,  after  having  once  touched  it,  to 
place  a  frefli  Set  of  fupporters  at  the  ends  of  it, 
and  touch  it  over  again.  In  making  a  bar,  thus 
fupported,  Magnetical,  becaufe  the  Frame  can¬ 
not  be  Aid  oft  at  the  ends  of  the  bar,  it  will  be 
neceffary  to  leave  out  the  two  pieces  of  Wood 
A  and  B  ;  and  then  it  may  be  Aid, off  fideways 
upon  a  bar  of  Iron,  and  on  again  from  the  bar 
of  Iron,  (as  it  fhall  be  required,)  in  order  to 
turn  the  Steel  bar,  that  it  may  be  touched  on 
every  fide,  &c,  The  bar  of  Iron  is  defigned  to 
connect  the  Poles  of  the  two  Sets  in  the  Frame, 
which  were  before  connected  by  the  Steel  bar; 
and  they  muff  not  be  taken  off  from  one,  and 
placed  upon  the  other,  but  by  Aiding ;  becaufe 
they  muff  touch  one,  before  they  leave  the 
other,  that  they  may  always  continue  con¬ 
nected. 

The  Frame  above  defcribed  is  defigned  for 
touching  fuch  bars  only,  as  require  no  more  than 
two  breadths  of  the  Ax-inch  bars ;  but  if  it  be 
required  to  touch  larger  bars,  that  will  take 

three3 
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three,  four,  or  more  breadths  of  them;  another 
fort  of  Frame,  and  bars  of  half  an  inch  longer 
or  half  an  inch  fhorter  (fuch  as  were  directed 
to  be  made  at  the  beginning  for  this  purpofe) 
mult  be  ufed ;  the  higher  bars  being  to  be 
placed  in  the  middle,  where  they  may  be  con- 
nedted,  by  leaning  againft  pieces  of  Iron,  that 
pafs  over  the  tops  of  the  fhorter  ones.  * 

If  the  bars,  to  be  made  Magnetical,  are  fo 
large  as  to  require  feveral  breadths  of  the  fix- 
inch  bars,  it  will  perhaps  be  convenient  to  have 
the  Frame,  for  holding  them,  fo  contrived, 
that  they  may  be  applied  to  all  fides  at  once ; 
for  otherwife,  upon  account  of  the  great  num¬ 
ber  of  them  that  will  be  neceflary,  it  is  likely 
the  outfides  of  the  Sets  will  be  driven  to  too 
great  a  diftance  from  each  other,  to  be  able  to 
do  much  fervice. 

The  foregoing  manner,  of  applying  the  fix- 
inch  bars,  will  probably  ferve  for  touching  bars 
of  three  inches  fquare  ;  but  if  larger  than  thefe 
were  to  be  made,  perhaps  it  might  be  necef- 
fary,  befides  applying  them  to  all  the  fides  at 
once,  to  divide  the  two  Sets,  and  ufe  them  af¬ 
ter  the  *f*  manner  recommended  for  making 
fmall  bars  very  Magnetical ;  and  in  that  cafe,  it 

would  be  impoffible  to  ufe  too  many  to  touch 

•  t  * 

t  See  Page  35. 

with 
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with,  and  there  would  be  no  occafion  for  fup- 
porters. 

The  particular  Form  of  Magnets  is  of  very 
little  confequence,  with  regard  to  their  receiv¬ 
ing  the  Magnetic  Virtue,  provided  they  have 
a  fufficient  length  in  proportion  to  their  bulk 5 
the  Form  therefore  may  be  varied  at  pleafure. 

The  ftrait  bars  may  be  made  either  fquare, 
round,  or  flat  ;  the  flat  ones  however  are  moft 
convenient  for  touching  with,  andperhaps  too 
a  little  the  ftrongeft. 

The  ftrait  bars  may  be  pointed  at  the  ends, 
in  the  manner  of  Fig.  2d  in  the  Plate.  This,  in 
lifting,  will  make  them  fhew  to  advantage  upon 
a  double  account,  viz.  that  they  are  thereby 
fomewhat  lighter,  and  that  they  will  lift  fome- 
thing  more.  Thefe  bars  however  I  would  not 
recommend  for  touching  with  ;  becaufe,  though 
they  may  be  more  Magnetical  at  their  ends,  than 
thofe  that  are  not  pointed,  in  proportion  to  the 
Jize  of  the  ends ;  and  therefore,  coming  to  bear 
perhaps  in  as  many  points  as  the  others,  they 
may  lift  more ;  yet,  the  power  in  touching, 
not  being  only  in  the  proportion  of  the  points 
that  bear  upon  the  bar  to  be  touched,  but  in  a 
great  meafure  alfo  in  the  proportion  of  the  Mag- 
netifm  of  the  whole  that  is  near  bearing,  they 
may  not  touch  fo  well  as  thofe  with  the  larger 
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ends ;  which  have  more  Magnetifm  at  their 


ends  in  the  whole,  though  not  fo  much  in  the 
fame  fpace. 

Befides  the  ftrait  bars,  the  following  feem 

moft  likely  to  be  fuch  as  will  be  more  gene-*  \ 
rally  ufeful. 


_  The  Horfe-Jhoe  Magnet :  This  may  be  made 
either  exactly  in  the  form  of  an  Horfe  Shoe,  or 
fuch  as  is  delineated  in  Fig.  4th,  where  a 
wedge  of  Iron  is  fuppofed  to  be  applied  to  the 
Poles  of  it.  The  principal  advantages  of  a  Mag¬ 
net  of  this  Shape,  are ;  That  it  will  lye  in  a 
narrower  compafs :  A  wedge  of  Iron  may  be 
applied  to  the  two  Poles  of  it  j  by  which  means, 
being  connected,  the  Magnet  will  be  lefs  likely 
to  receive  any  injury  by  time,  &c :  It  will 
lift  by  both  Poles  at  once,  and  confequently  lift 
at  leaft  double  of  what  it  would  do,  if  it  lifted 
only  by  one :  It  will  ferve  in  dead  of  feveral 
fmall  bars,  for  touching  others,  if  it  be  made 
of  a  proper  fize,  and  its  two  Poles  brought 
near  enough  to  each  other ;  and  it  will  be  very 
convenient  and  expeditious  for  that  purpofe. 

The  Annular  Magnet  is  a  plain  flat  bar,  bent 
flatways,  inflead  of  edgeways  as  the  foregoing. 
This  may  be  ufeful  tor  feveral  Experiments, 
and  is  of  a  very  convenient  (hape  to  be  armed. 


The 
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The  Semicircular  Magnet  may  be  bent  el- 
ther  flatways  as  the  Annular ,  or  edgeways  as 
the  Horfe-ftoe  Magnet.  A  Magnet  of  this  fort 
is  delineated  in  Fig.  5th.  Two  fuch  as  this 
may  be  conveniently  placed  together,  in  order 
to  prefer ve  each  other :  They  are  ufeful  for 
touching  fmall  things  double ;  and  for  feveral 
Experiments. 

The  armed  Magnets,  of  all  kinds,  being  ra¬ 
ther  things  of  Curiofity  than  Ufe,  and  vaftly 
inferior  to  the  unarmed  ones,  fliall  be  mention’d 
bye  and  bye  in  the  Method  of.  improving  Na¬ 
tural  Magnets,  &c. 

The  method  of  making  the  abovemention’d 
crooked  Magnets  is  the  fame,  as  for  the  ftrait 
ones.  The  ends  are  to  be  fupported  in  the 
fame  manner  :  The  fix-inch  bars  for  touching 
muft  be  placed  in  the  fame  manner,  and  moved 
round,  according  to  the  bend  of  the  bar,  from 
end  to  end,  and  back  again  four  or  five  times. 

And  now  having  faid  thus  much,  and  given 
fo  full  a  defeription  before  of  the  method  of 
making  the  ftrait  bars  Magnetical,  I  apprehend 
more  will  be  needlefs. 

After  the  like  manner  that  a  bar  is  made 
Magnetical,  its  Poles  may  be  converted ;  by 
placing  the  bars  which  are  to  retouch  it,  with 
their  North  Poles  towards  the  North  Pole 

of 
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of  it,  and  the  South  Poles  towards  the  South 
Pole  of  it  5  and,  in  doing  this,  they  fhould  be 
placed  on  at  the  middle,  (for  otherwiie  they 
will  perhaps  be  a  little  damaged  by  the  Magne- 
tifm  of  it,)  and  fhould  be  Aid  once  or  twice 
backwards  and  forwards,  before  it  is  fupported ; 
and  then  that,  which  was  the  North  Pole,  muffc 
be  fupported  as  a  South  Pole,  by  North  Poles  ; 
and  that,  which  was  the  South  Pole,  as  a  North 
Pole,  by  South  Poles. 

To  make  a  bar  Magnetical,  fo  that  it  fhall 
have  feveral  Poles,  fupport  it  at  the  places, 
where  the  Poles  are  defigned  to  be,  with  Poles 
of  a  contrary  denomination  from  thofe  defign¬ 
ed  3  and  if  any  place  is  fupported  with  South 
Poles,  the  next  places  on  either  fide  muft  be. 
fupported  with  North  Poles,  and  contrariwife. 
Having  done  this,  confider  each  piece  included 
between  any  two  Sets  of  fupporters,  as  a  fepa- 
rate  bar,  to  be  made  Magnetical,  with  its  South 
Pole  towards  the  North  Set  of  fupporters,  and 
its  North  Pole  towards  the  South  Set,  and  touch 
it  accordingly.  Magnets  of  this  fort  with  a 
great  many  Poles  will  not  do  well,  unlefs  they 
are  very  long  ;  and  at  beft  they  are  always 
weak,  and  will  very  foon  fpoil  themfelves ;  fo 
that  they  fhould  only  be  made  occafionally. 

H  In 
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In  the  following  Table,  the  fir  ft  Column 
has  feveral  lengths  for  bars,  in  feet  and  inches. 
The  fiecond ,  thews  the  weights,  in  pounds  and 
ounces  Avoirdupois,  that  bars  of  fuch  lengths 
will  bear.  The  third  contains  the  number  of 
fix-inch  bars  proper  to  touch  them  with.  And 
the  fourth ,  the  number  of  fix-inch  bars  proper 
to  fupport  them  with  at  each  end. 


Feet.  Inch. 

1 

2 

3 

4 

5 

6 

8 


Founds.  Ounces. 


4 

4- 


Touched  by. 

t 

-  2 

_  4 

—  6 

—  6 

—  io 

—  H 

—  1 8 

—  36 

—  56 

—  74 

—  96 

— 170 
— 246 

—33° 


Supported  by. 


—  2 

-  2 

-  2 

—  4 

—  5 

—  6 

—  12 

—  19 

—  24 

—  32 

—  57 

—  82 

— 1 10 


The  above  Table  is  made  out  in  vulgar  frac¬ 
tions,  as  being  the  mod  commonly  known ; 


■f  Thefe  two  muft  be  touched  by  two  bars,  after  the 
manner  of  fmall  bars ;  [See  Page  35.  ]  and  need  not  be 
fupported  at  all,  . 

and 
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and  the  numbers  are  not  accurately  true,  ac¬ 
cording  to  the  proportion  they  were  calcu¬ 
lated  by,  but  as  near  the  truth  as  conveniently 
might  be  exprefs’d  in  the  feweft  iigures.  The 
Jixe ,  recommended  for  different  Magnets,  is 
not  in  a  cubical  proportion  of  their  lengths, 
(for  the  larger  ones  require  a  greater  length  in 
proportion  than  the  fmaller,)  but  in  a  propor¬ 
tion,  the  Index  of  which  is  2.  633  and  this 
was  taken  from  the  proportion  of  the  Magnet 
of  fix  inches  long,  to  that  of  a  foot  and  half, 
and  the  reft  were  made  out  by  analogy  from 
them ;  and  thefe  feem  to  be  not  improper  lengths 
for  their  bulk.  But  to  determine  this  matter 
accurately,  it  will  require  a  long  experience. 
The  above  lengths  however  will  probably  be 
found  generally  to  anfwer  pretty  well,  though 
they  are  not  recommended  as  precifely  the  beft 
that  can  be.  The  number  of  fix-inch  bars,  re¬ 
commended  for  touching  and  fupporting  each 
Magnet,  is  (in  round  numbers)  in  proportion 
to  the  number  of  thofe  ufed  for  the  fix- inch 
bars,  as  the  weight  of  a  piece  of  Steel  of  fix 
inches  long,  and  of  the  thicknefs  of  fuch  Mag¬ 
net,  to  the  weight  of  one  of  the  fix-inch  bars. 
But  becaufe  the  number,  here  recommended 
for  touching,  may  poftibly  be  rather  too  great 
for  the  larger  bars,  (for  the  refiftance  of  the 

h  2  Steel 
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Steel  (as  it  fhould  feem)  is  not  fo  great,  in 
proportion  to  the  contrary  Endeavour,  in  touch¬ 
ing  the  larger  ones,  as  the  fmaller,)  it  may  not 
be  amifs  (if  this  fhould  be  found  to  be  the  cafe,) 
to  touch  them  with  fomewhat  fewer,  till  that 
number  is  difcovered,  with  which  they  fucceed 
the  beft. 

% 

The  number  of  bars,  employed  as  fecondary 
fupporters  to  the  firft  Set  of  fupporters,  fhould 
not  be  fewer  than  one  half,  or  at  lead  one 
third  of  the  firft  Set  ;  and  thefe  again  fhould  be 
fupportcd  by  half,  or  at  leaft  one  third  of  their 
own  number,  and  fo  on,  till  they  finifli  at  laft 
with  one. 

If  any  Fcrfon  chufes  to  make  ufe  of  other 
fized  bars,  inftead  of  thofe  of  fix  inches,  ei¬ 
ther  to  touch  or  fupport  with,  the  number  of 
them  muft  be  fuch,  that  the  whole  furface  of 
their  ends,  may  be  equal  to  that  of  the  fix- 
inch  bars  required  for  the  fame  bufinefs. 

The  crooked  Magnets  of  all  forts  may  be  of 
the  fame  length  in  proportion  to  their  weight, 
as  the  ftrait  ones,  and  they  may  be  touched  and 
fupported  by  the  fame  number  of  bars. 

For  thofe,  who  have  not  Sets  of  M’agneti- 
cal  bars  to  retouch  with  upon  occafion,  but 
only  one  or  two,  the  following  directions  fhould 

*  be 
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be  obferved,  in  order  to  preferve  them,  as  near 
as  may  be,  in  their  full  vigour. 

A  crooked  Magnet  of  any  fort  may  have  a 
wedge  of  Iron  applied  to  both  Poles ;  or,  if 
there  are  two  of  them,  that  have  their  Poles 
equally  diftant  from  one  another,  they  may  be 
placed  with  their  Poles  of  contrary  denomina¬ 
tions  together  3  but  they  muft  never  be  fuffered 
to  touch  one  another  any  where,  but  at  the  Poles. 

One  ftrait  Magnet  fhould  always  be  kept 
with  its  South  Pole  towards  the  N  orth,  or  in 
the  *  Northern  Magnetic  hemifphere  down¬ 
ward,  and  in  the  Southern  upward.  Two 
ftrait  Magnets  may  be  laid  parallel  to  one  an¬ 
other  with  their  Poles  of  the  fame  denomina¬ 
tion  contrary  ways,  having  them  connected  by 
pieces  of  Iron  paffing  crofs  their  ends;  but 
they  fhould  never  be  fuffered  to  touch,  except 
when  they  lye  in  the  fame  line,  and  with  Poles 
of  contrary  denominations. 

A  ftrait  Magnet  fhould  never  lift  any  Iron, 
&c.  but  by  its  South  Pole  in  this  Northern 
Magnetic  hemifphere,  and  by  its  North  Pole 
in  the  Southern  Magnetic  hemifphere ;  nor 

*  By  the  Northern  Magnetic  hemifphere  is  meant  all 
that  part  of  the  World,  where  the  South  Pole  of  a  Needle 
dips ;  and  by  the  Southern,  all  that  part  where  the  North 
Pole  dips. 

fhould 
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fhould  it  be  lifted  by  any  Iron,  &c.  but  by 
the  contrary  Poles ;  and  no  Iron  {hould  be  fuf- 
fered  to  touch  it  any  where,  but  at  the  ends. 

A  Method  of  obtaining  Magnetifm  by 
Means  of  three  Iron  bars. 

I  Procured  half  a  dozen  fmall  bars  of  Steel , 
which  were  cleaned  up,  but  not  hardened, 
weighing  all  together  one  Ounce :  They  were 
two  inches  and  a  half  long,  and  a  quarter  of  an 
inch  broad,  and  were  marked  at  one  end,  as 
the  fix-inch  bars.  One  of  thefe  was  placed 
nearly  in  the  direction  of  the  Needle,  with  the 
marked  end  (which  it  was  propofed  to  make  a 
South  Pole,)  towards  the  North  :  At  each  end 
of  this  was  placed  a  large^  bar  of  Iron ,  in  the 
fame  direction,  and  nearly  horizontally,  the 
North  end  being  a  little  deprefied  :  The  bar  of 
Iron  at  the  North  end  was  four  feet  long,  and 
weighed  thirty  Pounds  ;  and  that  at  the  South 
end  was  four  feet  and  a  half  long,  and  weigh¬ 
ed  eighteen  Pounds.  This  being  done,  an  Iron 
Poker,  weighing  a  little  more  than  a  Pound 
and  fix  Ounces,  was  held  nearly  perpendicu¬ 
larly,  the  upper  end  inclining  a  little  towards  the 
South ;  the  lower  end  of  this  (which  was  filed 
bright,  that  it  might  conveniently  touch,)  was 
placed  upon  the  North  end  of  the  little  Steel 
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bar  (which  was  to  be  the  South  Pole:)  The 
Poker  being  thus  placed,  the  little  bar  was 
ftroaked  with  it,  from  the  North  to  the  South 
end  ;  where  it  was  taken  off,  and  brought  back 
at  a  little  diftance  $  and  being  again  placed  as 
before,  the  little  bar  was  ftroaked  with  it,  in 
the  fame  manner  y  and  this  was  repeated  twen¬ 
ty  times,  when  it  had  acquired  force  enough 
to  lift  a  fmall  key,  weighing  about  an  eighth 
part  of  an  Ounce.  After  this,  it  was  again 
ftroaked  eighty  times  more,  in  the  fame  man¬ 
ner  as  before  ;  and  then  it  would  lift  a  key 
weighing  a  quarter  of  an  Ounce.  It  was  now 
laid  by,  and  three  more  of  the  Steel  bars  were 
made  Magnetical  after  the  fame  manner.  Of 
the  two  remaining,  one  was  placed  between  the 
two  Iron  bars,  as  before  ;  but,  inftead  of  the 
Poker,  (which  was  now  laid  afide,)  it  was 
touched  by  the  four  already  made  in  fome  de¬ 
gree  Magnetical,  after  the  manner  dire&ed  for 
making  of  Magnets ;  the  two  South  Poles  of 
the  Touchers  being  kept  at  a  little  diftance  from 
the  two  North  Poles,  by  a  large  Pin,  which 
might  be  perhaps  the  thirtieth  part  of  an  inch 
in  thicknefs :  By  this  means  the  fifth  bar  ac¬ 
quired  a  good  deal  more  power,  than  any 
of  the  four  had.  And  the  other  remaining  one 

being  made  Magnetical  in  the  fame  way,  thefe 

two 
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two  were  fubftituted  inftead  of  two  of  the  four; 
and  thofe  were  touched  in  the  fame  way,  and 
fubftituted  in  the  room  of  the  remaining  two 
of  the  four,  which  were  touched  likewife. 
After  this  manner  the  whole  fix  bars  of  Steel 
were  all  touched  round,  three  or  four  times  9 
the  laft  touched  being  always  fubftituted  in  the 
room  of  the  weakeft  of  the  four  employed  in 
touching,  till  they  had  all  received  as  much 
virtue,  as  in  their  foft  ftate  they  would  retain ; 
which  was  fufficient  to  make  them  lift  nearly 
an  Ounce  and  quarter  each,  by  one  Pole, 

By  thefe  fix,  thus  made  Magnetical,  and  fe- 
parated,  as  before,  by  a  large  Pin,  a  line  of  fix- 
inch  bars,  that  were  hardened,  was  touched, 
according  to  the  directions  for  making  Mag¬ 
nets  ;  and  received  by  this  means  a  power  fuf¬ 
ficient  to  make  each  of  them  lift  about  two 
Ounces,  by  one  Pole ;  which  was  abundantly 
fufficient  to  make  them  • f  communicate  to 
others  a  power  greater  than  their  own  :  For  fix 
others  being  touched  by  them,  and  they  again 
by  thofe,  and  this  being  repeated  two  or  three 

f  The  exprellion,  of  things  communicating  more  power 
to  others,  than  they  have  themfelves,  may  perhaps  feem 
unphilofophical  ;  but,  as  it  is  not  meant  by  this,  that 
any  thing  paffes  from  one  to  the  other,  it  is  hoped  this 
manner  of  expreffion,  as  a  common  one,  and  for  want  of 
a  better,  may  be  excufed. 

times* 
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times,  they  acquired  as  great  a  power,  as  they 
would  retain. 

The  reafon  of  ufing  fuch  fmall  bars  of  Steely 
was,  that  fuch  bars  of  Iron  as  were  ufed, 
might  be  able  to  communicate  to  them  a  fuf- 
ficient  power ;  for  though  fuch  bars  of  Iron 
will  communicate  a  fmall  degree  of  power  to 
much  larger  bars  of  Steel  than  thofe  here  men¬ 
tioned,  even  when  hard  ;  yet  it  will  not  be 
fufficient  to  make  them  communicate  ;  and  for 
the  fame  reafon s  that  the  bars  of  Steel  here 
ufed  fhould  be  fmall,  the  bars  of  Iron  fhould 
be  large,  viz .  that  they  may  have  a  greater 
power  in  proportion  to  them  :  And  if  the  bars 
of  Steel  are  fmall  enough,  and  the  bars  of  Iron 
large  enough,  (and  thofe  above  mention’d  feem 
to  have  been  abundantly  fo ;)  and  if  too  the 
proper  directions  for  placing  the  bars,  &c.  be 
obferved,  the  fuccefs  need  not  be  doubted. 

For  the  fame  reafon,  that  the  bars  of  Steel 
ufed  in  the  foregoing  operation  were  fmall.  they 
wrerealfo  foft,  viz.  becaufe  fuch  receive  the  Mag¬ 
netic  Virtue  with  vaftly  more  eafe  than  thofe  that 
are  not  fo  j  for  the  fame  bars  hardened,  and  ma¬ 
naged  as  before,  did  not  in  a  long  time  that 
they  were  tried,  receive  near  a  fufficient  degree 
of  virtue  to  communicate  to  others :  And  per¬ 
haps  they  would  not,  if  they  had  been  tried 
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ever  fo  long ;  at  leaft  they  would  have  tired 
out  a  very  ample  {hare  of  patience  firft.  The 
fame  bars,  made  of  a  fpring  temper,  were  tried  $ 
and  received,  in  about  fix  hundred  ftroaks,  as 
much  virtue,  as  the  foft  ones  with  twenty,  lift¬ 
ing  about  an  eighth  of  an  Ounce  $  and  with 
feveral  hundred  ftroaks  more,  they  would  hard¬ 
ly  receive  any  addition.  Thefe  had  however  re¬ 
ceived  force  fufticient  5  for  fix  of  them,  fo  touch¬ 
ed,  gave  to  fix  others,  of  their  own  fize  and  tem¬ 
per,  a  greater  degree  of  power  than  their  own ; 
and  being  improved  from  thofe  again,  and  this 
being  repeated  backwards  and  forwards  a  few 
times,  fome  of  the  fix-inch  bars  were  touched 
by  them,  and  improved  from  one  another,  till 
they  arrived  at  their  full  force. 

From  the  fpring-tempered  bars  being  able  to 
communicate  their  virtue,  though  they  had  not 
received  near  fo  ftrong  a  power  as  the  foft  ones, 
and  that  to  others  of  a  fpring  temper  too,  which 
receive  the  Magnetic  virtue  with  fo  much  more 
difficulty,  (as  is  feen  above ;)  it  appears  how 
abundantly  fufticient  the  power  attained  by  the 
foft  ones  was. 

The  reafon  of  placing  the  Iron  bars  and  Po¬ 
ker  in  the  direction  above  deferibed,  is,  that 
all  Iron,  which  is  not  already  fixedly  Magneti¬ 
cs!,  becomes  immediately  Magnetical  by  be- 
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ing  placed  in,  or  not  very  far  from  the  direc¬ 
tion  of  the  Magnetic  line.  Now  in  the  plac¬ 
ing  the  Iron  bars  and  Poker  above,  neither  of 
them  varied  fo  much  from  this  line,  as  not  to 
become  Magnetical  by  their  pofition.  But  as 
this  pofition  of  them  is  only  fitted  for  fome 
parts  of  the  world,  it  will  be  neceffary  in  others 
to  alter  it,  according  to  the  different  diredion 
of  the  Magnetic  line.  In  all  parts  of  the  World, 
one  or  other  of  the  following  ways  of  placing 
the  Iron  bars  will  fucceed.  Place  them  ei¬ 
ther  JirJly  horizontally  from  North  to  South  ; 
or  fecondlyy  horizontally  from  Eaft  to  Weft; 
or  thirdly ,  perpendicularly  ;  and  let  one  end  of 
the  Poker  or  bar,  with  which  the  Steel  bars 
are  to  be  touched,  be  bent  a  little  at  one  end, 
that  it  may  come  to  bear,  though  the  Poker  be 
held  nearly  parallel  to  the  other  bars.  This 
bent  end  of  the  Poker  being  placed  upon  either 
end  of  the  little  Steel  bar  to  be  touched,  and 
the  Poker  being  held  in  a  diredion  nearly  pa¬ 
rallel  to  it,  and  with  its  other  end  towards  the 
Iron  bar,  that  lyes  at  the  oppofite  end  of  the  lit¬ 
tle  Steel  bar  from  that,  upon  which  the  bent 
end  is  placed,  ftroak  with  it  to  the  other  end ; 
and  there  taking  it  off,  replace  it,  and  ftroak 
again  feveral  times,  till  the  little  Steel  bar  has 
received  a  fufficient  power. 

1  2 
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Becaufe  Iron  bars  may  fometimes  have  ac¬ 
quired  a  fmall  degree  of  fixed  Magnetifm, 
by  flanding  long  in  one  pofition,  (though  this 
does  not  often  happen  ;)  it  may  not’  be  amifs, 
when  they  are  ufed,  to  retain  the  direction 
they  have  flood  in,  and  to  lay  the  fame  ends 
the  fame  way  as  much  as  may  be,  in  their  pro¬ 
per  pofition  ;  or  elfe  to  give  them,  after  they 
are  placed  in  their  proper  pofition,  a  few  good 
flroaks  endways  with  a  pretty  heavy  hammer ; 
or  they  may  be  heated  red  hot,  and  laid  to  cool 
in  that  pofition  ;  which  v/ill  be  the  mod  cer¬ 
tain  way  of  any,  to  have  them  Magnetical  in 
the  right  diredlion. 

Befide  the  above  manner,  Magnetifm  may 
be  obtained,  in  a  fmall  degree,  by  filing,  dril¬ 
ling,  and  hammering ;  all  which  depend  upon 
the  fame  principle  as  the  foregoing,  viz.  the 
pofition  of  the  bodies  concerned,  in  or  near 
the  Magnetic  line.  By  hammering,  which  is 
the  beft  of  the  three,  I  have  communicated  a 
fmall  degree  of  Magnetifm  ;  and  fufficient,  with 
good  Management  to  have  proceeded  with ;  but 
this  way  is  flower,  lefs  certain,  and  gives  not 
£0  great  a  power,  as  that  I  have  already  re¬ 
lated, 


Of 
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Of  improving  the  Natural  Magnets ,  &c. 

IN  giving  Magnetifm  to  any  fubftance,  capa¬ 
ble  of  receiving  it ;  in  changing  its  direction; 
or  taking  it  away,  and  giving  it  in  a  contrary 
direction  5  the  whole  difficulty  is  to  apply  a 
fufficient  forcfe,  and  in  a  proper  direction.  How 
this  may  be  done  in  Steel  bars,  has  been  al¬ 
ready  fhewn.  To  do  it  in  the  Natural  Mag¬ 
nets,  is  fomewhat  more  difficult,  upon  account 
of  their  great  thicknefs,  and  fmall  length  ;  and 
alfo  upon  account  of  a  certain  glaffinefs  of  the 
fubftance,  which  makes  the  bars,  ufed  in  touch¬ 
ing  them,  not  apply  fo  clofely,  as  they  will  to 
Steel :  This  laft  circumftance  makes  them  alfo 
more  fubject  to  damage  one  another.  Whoever 
therefore  tries  fuch  experiments  with  the  Na¬ 
tural  Magnets,  muft  expect  that  the  bars  he 
employs  will  want  retouching,  after  the  opera¬ 
tion. 

If  a  Natural  Magnet  is  to  have  its  power  en~ 
creafed,  and  it  be  a  fmall  one,  and  ffiort,  lay 
a  great  number  of  bars  at  its  *  ends,  after 

*  There  are  no  dire&ions  here  given,  for  applying  the 
proper  Poles,  and  for  fome  other  fuch  like  things;  which, 
it  is  prefumed,  the  Reader  will  be  able  eafily  to  fupply 
from  what  has  been  faid  before, 

fhe 


70  A  Treatife  of : 

the  manner  of  fupporters ;  and  this  will  be  fuf- 
ikient ;  If  it  be  pretty  long,  fo  as  to  allow  room 
for  it,  touch  it  alfo  double  with  feveral  bars  (ac¬ 
cording  to  its  bulk,)  applying  them  to  all  fides  at 
once.  If  it  is  to  have  its  Poles  changed,  lay 
the  fupporters  fo,  that  the  centre  of  their  force 
fhall,  at  each  end,  lye  at  the  end  of  the  line 
defigned  to  be  the  Axis  of  the  Magnet ;  and 
touch  it  double ,  as  near  as  may  be  in  that  di¬ 
rection.  If  the  Poles  are  to  be  converted,  and 
the  Magnet  be  long  enough,  touch  it  double  ac¬ 
cording  to  the  directions  for  converting  the 
Poles  of  an  Artificial  Magnet ;  then  fupport  it, 
and  touch  it  over  again  with  frefh  Touchers : 
Or  if  the  Magnet  is  fhort,  apply  bars  as  fup¬ 
porters  only,  and  change  them  two  or  three 
times ;  or  elfe  make  ufe  of  the  method  deferib- 
ed  below. 

As  I  have  not  had  a  fufficient  Apparatus,  or 
Opportunities  of  trying  experiments  upon  the 
larger  Magnets,  I  can  only  recommend  the  fol¬ 
lowing,  as  what  feems,  if  we  may  judge  from 
analogy,  the  moft  convenient  way  of  manag¬ 
ing  them,  and  moft  likely  to  be  attended  with 
fuccefs.  -  . 

To  encreafe  the  power  of  a  large  Magnet, 
inftead  of  placing  fupporters,  put  a  large  piece 
ox  Iron.  *the  thicknefs  and  breadth  of  the  Mag- 

^  net3 
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net,  at  each  end  of  it.  This  piece  of  Iron  fhould 
be,  either  three  or  four  times  as  long*  as  it  is 
thick;  or  elfe  fhort,  and  three  or., four  times 
as  large  at  the  end  not  touching  the  Magnet,  as 
at  the  other :  In  the  former  of  thefe  ways  there 
are  to  be  placed  on  one  fide,  in  the  other  cafe, 
at  the  broad  end,  as  many  fupporters  as  can 
conveniently  (land  there  :  This,  if  the  Magnet 
be  very  fhort,  may  be  fuflicient ;  if  it  be  long, 
it  fhould  be  touched  double  befides.  If  the  Poles 
of  fuch  a  Magnet  are  to  be  changed,  the  mid¬ 
dle  of  the  end  of  the  piece  of  Iron  placed  at 
each  end  of  the  Magnet,  is  to  be  placed  again# 
the  end  of  the  line  defigned  to  be  the  Axis.  If 
the  Poles  are  to  be  converted,  it  fhould  be  done 
firft  by  touching  double y  if  a  fufficient  force  of 
Magnetical  bars  can  be  applied  for  this  purpofe  ; 
(for,  as  a  great  number  of  them  are  extremely 
fubjedt  to  injure  one  another,  this  is  fomevvhat 
difficult  to  do :)  After  the  Poles  are  once  con¬ 
verted,  its  power  may  be  encreafed  as  above. 
But  if  by  touching  double y  the  Poles  will  not  be 
converted,  place  the  Magnet  between  two  pieces 
of  Iron  as  before  ;  then  keeping  them  fteady 
at  their  diftance,  remove  the  Magnet ;  and  con- 
nedting  the  pieces  of  Iron  by  wedges  of  Iron, 
that  may  not  ftand  in  the  way  of  it,  when  it 
is  to  be  put  in  its  place  again,  apply  the  fup¬ 
porters 
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porters  as  before,  and  putting  the  Magnet  in  its 
place  take  off  the  Iron  wedges.  This  may  be 
done  two  or  three  times,  if  it  be  found  necef- 
fary,  retouching  the  fupporters  every  time. 

If  the  Magnets  to  be  improved,  &c.  as  above, 
be  very  fufceptible  of  Magnetifm,  they  fhould 
have  much  thicker  Armour,  than  is  generally 
ufed ;  (for  they  will  retain  much  more  Magne¬ 
tifm  for  it ;)  and  the  Armour  fhould  be  fo 
fatten’d,  that  the  hoops,  &c.  ufed  for  that  pur- 
pofe,  may  not  ttand  in  the  way  of  applying 
any  thing  to  the  ends,  or  the  fides ;  for  it  is 
much  the  bett  way  to  make  any  fhort  Magnets 
Magnetical  in  their  Armour,  becaufe  they  will 
retain  more  power  for  it. 

But  probably  the  bett  way  of  managing  very 
large  Magnets,  would  be  to  flit  them  into  feve- 
ral  long  bars  the  length  of  the  Stone  ;  and  hav¬ 
ing  made  them  Magnetical  fingly,  to  put  them 
into  their  Armour,  according  to  the  directions 
below  for  Compound  Magnets. 

Of  Armed  Artificial  Magnets . 

rr^  H  E  long  ftrait  bars  may  be  armed,  and 
jl  if  they  are  large,  they  will  fometimes 
lift  a  larger  piece  of  Iron  on  that  account  $  but 

they 
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they  will  not  lift  fo  many  Steel  tilings,  or  touch 
Needles  fo  well. 

The  crooked  bars  may  be  armed,  and,  be- 
caufe  their  Poles  will  be  near  together,  they 
will  be  convenient  for  lifting  by  a  wedge  of 
Iron.  Thofe  bars  of  this  fort,  that  are  to  be 
armed,  fliould  not  be  pointed  at  tee  ends,  but 
left  of  the  fame  breadth  there  with  the  reft  of 
the  bar.  The  Annular  Magnet  is  one  of  the 
moft  convenient  forms  for  this  puipoic. 

Short  Steel  bars  may  be  armed  and  made 
Magnetical,  in  imitation  of  the  natural  Mag¬ 
nets.  •  Thefe  fliould  be  made  Magnetical  after 
they  are  armed,  and  fliould  have  pretty  thick 
Armour  :  They  may  be  managed  aite.  the 
method  for  improving  fmall  Natural  Magnets : 
Thefe  may  be  made  much  fuperior  to  the  gene¬ 
rality  of  Natural  Magnets,  and  equal  to  the  fol¬ 
lowing  Compound  Artijicial  Magnets  ;  anu  that 
with  much  lefs  labour  and  expence,  unlels  they 
are  very  large. 

Armed  Compound  Artificial  Magnets  may  be 
made  of  feveral  bars  exadly  of  a  length,  with 
Armour  nicely  fitted  to  them.  lie  Dai  s  fliould 
have  the  fame  proportions,  as  fingle  unat med 
Magnets :  They  fliould  be  touched  fingly,  and 
put  into  their  Armour,  as  they  are  touched, 
with  the  Poles  of  the  fame  denomination  the 

K '  fame 
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fame  way :  The  Armour  fhould  be  pretty  thick, 
and  fhould  have  a  wedge  of  Iron  applied  to  it, 
whilft  the  bars  are  putting  in,  and  till  the  whole 
is  bound  together  and  finiftied  ;  for  which  rea- 
ion  the  cap,  that  keeps  the  Armour  together 
at  bottom,  iliould  be  put  on  before  any  of  the 
bars  are  put  in.  The  Iron  wedge  fhould  al¬ 
ways  continue  applied  to  the  Magnet,  but  when 
it  is  ufed  f  for  this  will  be  a  great  prefer vation 
to  it ;  though,  with  all  this  precaution,  it  will 
lofe  a  great  deal  of  its  firft  ftrength,  in  a  very 
little  time. 

An  occafional  Magnet  of  the  fame  kind, 
and,  on  many  accounts,  preferable  to  the  fore¬ 
going,  may  be  thus  made.  Fix  two  fmall  bars 
about  three  eighths  of  an  inch  fquare  and  two  or 
three  inches  long  (more  or  lefs  at  pleafure)  to  a 
board :  Let  them  be  parallel  to  each  other,  at 
the  di dance  of  fix  inches  from  outfide  to  out- 
fide :  They  mud  ftand  at  right  angles  to  one 
edge  of  the  board,  and  the  ends  may  project 
half  an  inch  beyond  it,  and  fhould  be  filed 
away  to  about  half  the  thicknefs  of  the  reft  of 
the  bar  ;  the  faces  of  thefe  ends  then  will  be 
about  as  long  again  as  broad,  and  the  length¬ 
ways  of  them  is  to  be  parallel  to  the  plain  of 
the  board ;  the  faces  themfelves  are  to  be  at 
right  angles  to  the  plain  of  the  board,  and  are 

both 
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both  to  lye  exadtly  in  the  fame  plain  with  each 
other.  To  the  edge  of  the  board  may  be  fixed 
a  thin  plate  of  Brafs,  between  the  two  bars  of 
Iron,  reaching  from  one  to  the  other,  which 
may  ftand  up  above  the  plain  of  the  board 
near  an  inch,  and  at  right  angles  to  it.  When 
the  Magnet  is  wanted,  apply  a  wedge  of  Iron 
to  the  Iron  bars  projefting  beyond  the  edge  of 
the  board,  and  having  made  any  number  of 
the  fix-inch  Magnets,  as  Magnetical  as  may 
be,  place  them  one  by  one  with  their  edges 
againft  the  two  Iron  bars,  and  their  Poles  of 
the  fame  denomination  the  fame  way,  puftfing 
them  clofe  againft  the  Brafs  plate,  which  will 
keep  them  from  going  beyond  the  edge  of  the 
board,  and  from  turning  over  and  lying  flat¬ 
ways  ;  having  placed  as  many  of  the  fix-inch 
Magnets,  as  are  required,  in  this  manner,  lay 
two  or  three  doubles  of  Flannel,  or  fomething 
elfe  that  is  foft  and  fpringy,  over  them,  and 
with  a  board  over  that,  that  is  fcrewed  or  other- 
wife  faften’d  to  the  former  board,  prefs  them 
againft  the  two  Iron  bars.  Such  a  Magnet  as 
this  may  be  eafily  taken  to  pieces  and  retouched, 
and  fet  together  again,  as  occafion  fliall  ferve  : 
There  will  be  no  occafion  for  any  great  accu¬ 
racy  in  the  two  Iron  bars,  (excepting  their  ends;) 
nor  in  the  fix-inch  bars,  in  making  them  ex- 

K  2  adtly 


j6  J  A  Treatife  of 

aftly  of  a  length,  &c.  and  they  will  ferve  for 
other  ufes,  when  not  wanted  for  this. 

Of  Bodies  fufceptible  of  Magnetifm . 

H  E  S  E  are  probably  no  others  than 
JL  Iron  in  fome  fhape  or  other,  or  bodies 
that  have  a  mixture  of  Iron  in  them. 

Amongfl:  thefe  are  in  the  firjl  place,  Iron  and 
Steel. 

Secondly ,  Alrnoft  all  forts  of  Iron  Ore  after 
Ignition,  and  fome  before,  amongfl:  which  is  the 
Natural  Magnet,  and  feveral  forts  of  heavy 
flaming,  opake,  black,  or  dark  Chocolate- co¬ 
lour'd  Sand,  mod:  if  not  all  of  which  are  Iron 
Ores.  Sands  of  this  fort,  that  are  black,  are 
found  in  Portugal ,  Italy ,  Virginia ,  China ,  &c. 
There  is  a  dark  Chocolate-coloured  Sand  too, 
which  comes  from  China ,  very  near  akin  to 
the  black  fort :  The  dark  brown  Sand  amongfl: 
Emery  is  of  the  fame  kind  ;  indeed  the  Emery 
itfelf  is  often,  and  not  very  improperly  called 
an  Iron  Ore,  though  the  part  that  is  hardefl, 

and  principally  ufeful  in  grinding,  &c.  feems 

* 

rather  to  be  a  kind  of  Spar  belonging  to  the 
Ore,  than  the  Ore  itfelf  5  but  if  this  he  the 
cafe,  they  are  fo  minutely  mixed,  that  it  is  im- 
poinble  entirely  to  feparate  them.  I  have 

however 
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however  found  that  part  of  the  browner  fort 
of  Emery,  which  adheres  to  the  Magnet,  much 
more  friable  than  the  reft,  opake,  and  nearly 
black  ;  the  other  part  being  of  a  much  lighter 
colour,  and  a  great  deal  of  it  tranfparent.  A- 
mongft  the  blacker  fort  of  Emery,  there  is  but 
little  tranfparent  $  and  that,  which  adheres  to 
the  Magnet,  differs  very  little  either  in  hardnefs 
or  colour  from  the  reft. 

\ Thirdly ,  Amongft  Bodies  fufceptible  of  Mag- 
netifin  may  be  reckon’d  moft  Brafs,  and  fome- 
times  perhaps  other  Metals  5  and  particular 
Bricks,  that  have  been  a  good  deal  burnt  in  the 
fire,  but  did  not  run.  The  Magnetiftn  of  thefe 
is  owing,  in  all  likelihood,  to  a  fmall  quantity 
of  Iron  mixed  with  them  ;  what  is  in  the  Brafs 
may  come  from  the  Lapis  Calaminaris ,  which  is 
faid  to  have  often  a  fmall  mixture  of  Iron  in  it: 
The  like  is  obferved  of  moft  forts  of  Clay,  es¬ 
pecially  the  red  forts ;  and  this  may  account  for 
it  in  Bricks. 


Of  Artificial  Magnets  made  of  Iron 

Ores,  &c. 

ARtificial  Magnets  may  be  made  of  any 
fort  of  Iron  Ore,  that  is  fufceptible  of 
Magnetifm.  The  Iron  Ore  Stones  may  be 

faw’d 
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faw’d  into  long  Slips ,  to  make  Magnets,  in  imi¬ 
tation  of  the  unarmed  Steel  bars  ;  or  into 
Jhorter  pieces ,  in  imitation  of  the  natural  Mag¬ 
nets.  The  Iron  Ore  Sands  may  be  fixed  by 
fome  cement,  and  being  formed  into  a  proper 
fhape,  may  be  made  Magnetical :  In  doing  this, 
as  little  cement  as  poflible  fhould  be  ufed,  and 
fuch  Sand,  as  is  moil  retentive  of  the  Magnetic 
Power,  fhould  be  prefered ;  the  Sand  from 
Emery  is  pretty  good  for  this  purpofe. 

Hints  towards  the  improving  of  Magnets . 

PRobably  the  Natural  Magnets,  that  are  very 
thick  in  proportion  to  their  length,  if  pro¬ 
perly  cut,  would  make  two  or  three  Magnets 
able  to  lift  more,  and  a  great  many  better  for 
touching  than  the  entire  one  :  They  fhould  be 
cut  parallel  to  the  Axis  ;  and  fome  pieces  may 
often  be  chofen,  which  are  better  than  the  reflj 
and  this  fhould  be  attended  to  before  the  Stone 
is  cut,  that  they  may  be  as  much  as  poffible 
cut  out  by  themfelves,  and  not  mixed  with  the 
parts  that  are  worfe. 

Pofiibly  fome  forts  of  Iron  Ore  either  ignited 
or  otherwife,  may  be  found  more  tenacious  of 
Magnetifin,  than  Steel.  Such  (if  they  be  found) 
cut  into  long  flips,  of  a  due  proportion,  mull 

make 
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make  better  Magnets  than  Steel,  and  confe- 
quently  better  Needles  too.  The  belt  Natu¬ 
ral  Magnets  may  perhaps  be  fiich. 

Poffibly  too  fome  forts  of  Iron  Ore,  that 
are  very  rigid,  may  not  be  capable  of  being 
made  Magnetical,  (by  any  force  we  can  ap¬ 
ply,)  but  in  very  fmall  particles,  as  in  fand  or 
dufl ;  and  perhaps  fome  that  will  not  become 
Magnetical  even  in  this  form,  either  before  or 
after  Ignition,  may  yet  be  capable  of  becoming 
fo  whilfl  intenfely  heated  :  Thefe  probably  (if 
there  are  any  fuch,)  would  at  lead  be  extremely 
retentive  of  their  Magnetifm,  and  therefore 
Magnets  made  of  fuch,  after  the  manner  above- 
mentioned  for  making  Magnets  of  Magnetical 
Sands,  (only  that  they  muft  be  made  whilft  the 
cement  is  hot,  that  the  little  Sands  may  be  at 
liberty  to  difpofe  themfelves  according  to  order,  j 
would  be  hardly  liable  to  be  impaired  by 
time,  &c. 

It  has  been  already  hinted,  that  poffibly  Steel 
may  be  rendered  more  tenacious  of  the  Mag¬ 
netic  power,  by  Linfeed  Oil ;  it  may  not  there¬ 
fore  be  amifs  perhaps  to  try  Steel  bars  (properly 
harden’d)  that  have  been  a  long  time  laid  in 
that,  or  fome  other  Oil,  which  poffibly  may  do 
as  well,  \  . 
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And  perhaps  it  may  be  better  ftill,  to  make  a 
piece  of  Steel  more  ftrongly  Magnetical  than 
the  common  bars  will  continue  to  be,  and  to 
keep  it  in  that  ftrongly  Magnetical  State,  and 
to  let  it  lye  a  long  time  in  Oil.  A  Ring  ot 
Steel  may  be  made  very  ftrongly  Magnetical, 
the  Magnetifm  going  round  and  returning  into 
itfelf ;  and  this  will  continue  in  a  ftrongly 
Magnetical  State,  for  the  fame  reafons  that  a 
Magnet  will  always  be  more  Magnetical  to¬ 
wards  the  middle,  than  at  the  ends.  The  Ring, 
after  it  has  lain,  as  long  as  required,  in  the  Oil., 
mav  be  cut  into  two  Semicircular  Magnets. 

Some  Ufes  of  Magnets. 

BE  S I D  E  S  the  ufes  of  Magnets,  in  touch¬ 
ing  Needles  for  the  more  important  pur- 
pofes  of  Navigation,  &c.  which  have  been  alrea¬ 
dy  fufficiently  obferved  ;  it  may  not  perhaps  be 
amifs  juft  to  mention  two  or  three  others,  that  , 
have  occurred,  of  lefs  confequence.  They  are 
thefe,  which  follow  ; 

Firjl ,  Iron  Ores  may  generally  be  difeovered 
to  be  fuch  by  the  Magnet  ;  for  almoft  all  of 
them  (as  was  obferved  before,)  will  be  attract¬ 
ed  by  it,  either  before  or  after  Ignition,  (though 
Tome  require  an  Ignition  of  feveral  hours  firffc.) 

A  ftrong 
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A  ftrong  Magnet  well  hung,  and  ufed  as  a 
Needle,  (as  being  the  mod  fenfible  to  any  fmall 
attradion,)  will  bed  ferve  for  this  purpofe. 

Secondly,  The  Magnet  will  readily  find,  and 
feparate  any  little  bits  of  Iron  or  Steel  from 
other  things,  and  particularly  Iron  or  Steel  irom 

thofe  of  other  Metals. 

And  lajlly ,  It  will  difcover,  whether  Tools, 
(§c.  are  made  of  Steel,  or  whether  they  are 
only  Iron  cafehardened ;  for  the  Steel  will  re¬ 
ceive  a  ftrong  Touch,  when  the  other  will 
hardly  receive  any. 


/ 
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